
MCDONNELL_

DOUGLAS ___.J

SPACE TUG SYSTEMS STUDY (CRYOGENIC)

SEPTEMBER DATA DUMP

SEPTEMBER 1973

VOLUME 6 Operations

Book 1 Option i

PREPARED BY: SPACETUG STUDY TEAM

APPROVED BY:

L. Q. WESTMORELAND
STUDY MANAGER

(EASA-CR-179110) SPACE TUG 5¥S_EBS STGDZ

(C[_¥CGEI_IC) 5ZE;_.NP-EB EATk [,UEE- ¥OLUBE 6:
CI_ERA_I6_S- 6CG_ I, GP_ICN I

(_cDcnnell-gouglas _st_onautics Co.) 1032

Avail: _TIS

N87-7039_

p unclas
00/18 0072751

PREPARED FOR NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

MARSHALL SPACE FLIGHT CENTER

UNDER CONTRACT NO. NAS8-29677

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY-WEST

5301 Bolsa Avenue,Huntington Beach, CA 9264 7



PREFACE

This study report for the Tug Program is submitted by the McDonnell Douglas

Astronautics Company (MDAC) to the Government in partial response to Contract

i_umber I_AS8-296TT.

The current results of this stu_ contract are reported in eight volumes:

Volume 1- Sugary, Program Option 1

Volume 2 --Summary, Program Option 2

Volmne 3 - 5um_vy, Program Option 3

These three stmmary volumes present the hiKhliKhts of the comprehensive data

base _enerated by MXMLCfor eva_uatlng each of the three pr_Eram options. Each

volu_e sueunarizes the applicab_e option c_fiKuration definitions TuK perform-

_nce and capabilities, orbital and ground operations s programmatic and cost

considerations, and sensitivity studies. The materia£ c_tained in these three

volumes As further sw_ea-Ased in the Data Dump Overviev Briefing ManuaA.

Vol_ne h --Mission Accomplishment. (3 Books and 1 Supplement Bound

Together)

This volume contains mission accomplishment aneW, is for each of the three

program, options and includes the tug system performance, mission capture, and

fleet size analysis.

Volume 5 - "Systems (3 Book,)

This volume presents the indepth design, analysis, trade study, and sensitivity

technical data for each of the configuration options and each of the Tug systems

i.e., structures, thermal, avionics, and propulsion. Interface with the Shuttle

and Tug pqloads for each of the three options is defined.
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This volume presents the results of orbital and groumd operations trades and

optimization studies for each option in the form of operatioaa descriptions •

time lines• support requirements (GSE, manpower, networks, etc. ), and resultant

¢08 ts.

Volume 7 -- Safety ( 3 Books )

This volume contains safety information and data for the Tug Program. Zpeciflc

_af_ty design criteria_ .applicable to each option are determined and potential

safety hazards co_B to all options are identified.

Volume 8- Pro6Tammatics and Cost (3 Books)

'il:i_ volume contains summary material on Tug Program manufacture, facilities,

vehicle test• schedules, cost, project management 8R&T, and risk assessment for

each option studied.

T:,ese volumes contain the data required for the three options which were

selected by the Government for this part of the study end are defined as:

A, Option 1 is a direct development program (I.0. C. : Dec 1979). It

emphasizes low DDT&E cost; the deployment requirement is _9_ pounds

into geosynchronous orbit, it does not have retrieval capability,

and It is deslgned for a 36-hour mission. MDAC has also prepared

data for an alternative to Option 1 which deviates from certain

requirements to achieve the lowest practicable DDT&E cost.

Bo Option 2 is also a direct development program (I.0.C. : 1983). It

emphasizes total program cost effectiveness in addition to low DDT&E

cost. The deployment requirement is 3500 pounds minimum into geosyn-

chronous orbit and 3500 pounds minimum retrieval from _eosynehronous

orbit.

Option 3 is a phased development program (I.O.C. : 1979 phased to

1.0.C. 1983). It emphasizes minimum initial PDT&E cost and low total

program cost. The initial Tug capability will deploy a minimum of



3500 pounc_ into geo6ynchr_noul orbit without, retrieval cspabili_y,

hoveTer, throt_h phued dewslop_nt, it viii acquire the added

c_pability to retrleTe 2200 poun_ from geos:rnehrono_ orbit. The

tlpact of inereuin8 the retrieval capability to 3500 pounds is

also proTlded.
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VOL. 6 OPERATIONS

OPTION 1

1.0 Configuration Summary



• DESIGN

STRUCTURE

• LO 2 1 LH 2 TANK: 2219 TAPER

• OUTER SHELL: AL ISOGRIO

• THRUST STRUCT: T ISOGRID

• TANK SUPPORTS: TTUBE

AVIONICS

i

• COMPUTER: REDUNDANT

18 BIT, 18 K WDS

• GUID / NAV: ,0 3 o STAR TRACKER

• POWER: BATTERIES

646 WATTS (TUG)
0 (TO P/L)

CR 14_

PROPULSION

• CATEGORY I RL-10

5.8: I EMR
441.8 ISP

• PRESS: AMB HE

• APS: MONO-PROP

THERMAL CONTROL

• H-PIPE PANEL

SIZE

e ORY WEIGHT: 64S7 LB

• LENGTH: 389.8 IN.

• DIA: 176 IN.

• LO2: 43,276 LB

• LH2: 7,8_ LB

P E R FORMANCE

• MISSION DURATION: 1.5 DAYS

• P/LDEPLOY: 3740LB

• AUTONOMY LEVEL: IV

• PLACEMENT ACCURACY:

PROGRAM DESCRIPTION

• IOC: DEC 31 1979

• DEVELOPMENT TIME TO IOC:

• FLEET SIZE: 19

eNO. OF FLTS: ETR/WTR:

• PROGo COST:

ODT & E: $248.0 M

INVEST, : $264.5 M

OPS.: $120.8 M

34.9 N. MI.

51 MO.

193/32

Figt,re !. Configuration Summary Option 1



2.0 Orbital Operations Summary

The following paragraphs summarize the orbital operations of the tug and

associated ground support of orbital ops.



2.1 Mission Performance

The performance capability vas computed for each mission in the mission model

and for each mission mode - deploy, retrieve, round trip and expendable.

Table 2.1-1 summarizes the general mission descriptions. The performance

results are given in Table 2.1-2. A

discussion of the derivation and applications of these data is presented in

Volume IV, Sections i.I, i._, and 1.5.

\



Table 2.1-1

MISSION DESCR_PTIORS

mss_on Ha x',_" ' ' ......................
No. nmi ) Incl. Remarks

1-8 19323 0

1-8A 19323 0

1-8B 19323 0

9

10

IOA

11

12

13

13A

13B

15

16

17-8

19

20

21-2

23

24

DI1

DIO

DIOA

D5

D3

D3A

D12

DI6

IAU Eclip.

6900 55e

6900 55°

16Kx30K 20 °

18Ox1800 90e

IKx20K 90°

1Kx20K 90e

1Kx2OK 90 °

30Ox3000 90°

700 100 °

500 99.2°

Interplanetary

58K

86Ox21K

860x21K

750

13.6Kx25K

13.6x25K

300

hO0

• , |,

0°30°60

63.h

63.4

99@

60°

60°

104o

98.3 °

Synchronous orbit - single burn transfer orbit
injection

Synchronous orbit - two burn transfer injection

Synchronous orbit - two burn transfer inSectio_
with 600 fps for multiple payload deployments

Alternate - Shuttle launche_i into 28.5 @

ETR Alternate - Shuttle launched into 28.5 e

ETR Alternate - Shuttle launched into 55 °

&V - 13000

].6500

23000

2_000

18400

22000

Shuttle launch into 63.4 ° WTR

ETRAlternate - Shuttle launched into 55 °

Shuttle launched into 60 ° WTR

ETRAlternate - Shuttle launched into 55 °
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NISSION

I-8

1 -SA

t-SB

9

10

.10A

11

12

8PT 1

GR8 S S-t/T
V-8_

62665000
13972000

62665000
13890000

62665000
14190000

62665o 00
141 60000

50665000
9700.00

62665000
12760.00

62665000
12450000

32665.00
228 5000

s'r, G VT.7340.00 ISP=441080 DF.J..ISP"4*00

PL'RBUND
V'BACK

1310.76
13920,00

1361027
13920000

998042
14220*00

939044
14350000

5440099
9700.00

2897037
12760000

33S8.05
12450.00

16274057
2285*00

PI,-DEPI..r[ PL,-RE'r'RI EVE PL-I[XPEND

3521035 2087099 15900011

3 657 * 04 2168.44 160350"/9

2739099 157(to82 15543022

2602*03 1470028 15592001

10833003 109 3 ! • 39 18106.98

7168.42 4862089 17988035

8127.34 5722047 18551,96
. • .

19140084
.

I08681.37 20433055

13

13A

138

°14

15

16

17-8

19

80

32665000
8400.00

62665000
13460 * 00

50665000
11200000

32665000
3600.00

26665.00
1700 • O0

26665.0O
I 120000

62665.00
13140,00

62665.00
16740 • O0

62665.00
23550,00

2570 • 66
8400*00

1928080
13460;00

2989 • 24
11200,00

12252.56

360000o

13606058
1700 *00

15404.58
1120-00

2284.80
13250 .'00

000
17210000

000
24500000

4666*97

5015-20

6620 * 35

1582o0s9

15351094

16679.45

$851040

000

000

5723,02 106520 55
..

3134018 16760.40

54S0.08 15536'43

54327076 17958.04

1196_31069 16293046

201542- 69 17286*90

3746085 17314.18

000 11753.93

000 4434011

• ,_,



21 -2

23

24

DI'I

DIO

DIOA

D5

D3

D3A

D12

D16

62665.00
24600000

62665000
18720000

.°

62665000
22500000

"626650C0
13930000

48 665.00
8500.00

50665.00
9800.00

26665000
1770000

48 665. O0
118 50.00

50665.00
11920000

26665000
500000

26665000
850000

Table 2.1-2 cont

. O0 . O0
25500000

*00

000 000 000
19550*00

-00 *00 000
23500'00

1330044 3576-74
13930_00

2118.43

7216.95 13195.53 15928.77
8SO0.00

5260.80 10548 090 10494.46
9800.00

13399.42 15193052
1770.00

1706.80 3958.64
11850.00

1985.46 4627-66
11920'00

17497.61 18129087
500.00

16293.48 17306096
850.00

113474.25

3000051

3477.30

501743. i9

2?8 240 • 25

3588-35

9250.04

5345- 34

15969. SO

19276004

17926097

16176- 30

13642044

14396047

18395009

17763.52

"_ f _" _3_.



MISSION DURATION

One of the factors affecting flight operations effort (or cost) is mission

duration. Since there are many different types of missions which vary in time

on orbit and since some of the ground support tasks arc proportional to mission

duration it was necessary to calculates time for each mission required by.the

mission model. This was done by using the timelines for the reference missions.

The _round rules for computing these times and a list of missionswith the

calculated time for each are shown below. In order to simplify the computer

progrs_min_ for the flight operations cost runs the specific mission times for

all thc missions flown for a given year were averaged to produce a single number

for that year which would :provide the proper results.



GROUND RULES FOR COMPUTING MISSION TIMES FROM THE REFERENCE MISSION TIMELINES

Mission time is defined as the total elapsed time from Shuttle launch to Orbiter

landing.

le For Option i and Initial Phase of Option 3:

a. For dedicated missions the Tug on orbit time (from Orbiter deployment

to Orbiter retrieval) is 36 hours.

b. For multiple deployments all payloads are deployed simultaneously.

c. There is no retrieval missions.

e For Option 2 and the Final Phase of Option 3:

a. For the rour, dtrip mission the deployment and retrleval are in the

same location.

b. For dedicated missions the Tug on orbit time is 6 days.

c. For multiple deployments, payloads are deployed in the same orbit with

2 revolutions to obtain 60 ° orbital separation.

d. For multiple deployments with retrieval, payloads are deployed as above

and the retrieved payload is in the same location as the last deployment.

e. Rendezvous and docking requires 6 hours.

f. Payload spln-up requires I/2 hour.



omJ__2.T _o__= s_____

Synchronous (1) A
Eq_tori al

" (2) A(2)

" (3) A(3)

" (_,) AE

" (5) A_

" (6) BA

" (7) A(2)B

" (8) A(3)B

" (9) B

Low Av (io) A

High Inellna- (ii) A(2)

tion,, (12) A(3)

" (13)

" (14 ) BA

" (15) A(2)B

" (16) B

High AV (17) A

Med.Incllnation (18) A(2)

" (19) A(3)

" (20) AE

" (21) A_

" (22) A(3)B

" (23) B

Planetary (2h) A

" (25) A(2)

" (26) AE

MISSION

Single Deployment

Double Deployment

Triple Deployment

One Deployment - ExPend Tug

Roundtrlp-Deploy one, Retrieve one

Dedicated

Deploy two, Retrieve one

Deploy Three,Retrieve one

Retrieve one

Single Deployment

Double Deployment

Triple Deployment

Round Trip

Dedicated

Deploy Two, Retrieve One

Retrieve One

Single Deployment

Double Deployment

Triple Deployment

One Deployment - Expend Tug

Roundtrip

Deploy Three, Retrieve One

Retrieve One

Single Deployment

Double Deployment

One Deplpyment - Expend Tug

OPTION I OPTION 2

TI_ (,mS) _

43 h3

h3 91

h3 139

21 21

20 _3

_8 156

- 91

- 139

_ _3•

23 23

23 23

23 23

23 23

_2 150

- 23

- 23

35 h0

35 h0

35 hO

15 15

- h0

- h0

- h0

32 32

32 32

i0 i0



Mission Model Cal_ture

Minion Jodel capture analysis involved the assigning of each payload in the

uission model to specific flights. The assignment involv_.d consideration of

tug @apabilities (availability, payload weight, maneuver Capability, and

mission duration capability), Shuttle constraints (availability, c_rgo bag

dimensions, payload weight and launch constraints) and payload characteristics

(weight, physical dimensions, launch schedule, mission constraints such as DOD

mission modes). Payloads were combined to minimize the number of tug flights

necessary to perform all of the missions identified in the mission model.

The Flight Summary is shown in Table 2.1-3. Out of 36_ missions the Option 1

Tug performs 3_ and requires 225 flights to accomplish them. The 20 missed

flights are due to the Shuttle limit of three tug missions in 1980.
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OPTION #i

Misuion Duration Trade Study

Flight Operations Costs

Flight operations costs have been determined for the Option i Tug Configura-

tion for missions with flight durations ranging from 36 to IMM hours. These

flight operations costs were broken down in accordance with the WBS Diction-

ary for DDT&E (32A) and Operations (32C).

The flight operations costs shown in Table 2.1-4 indicate a small increase in

DDT&E cost of approximately 6% for an additional 36 hours of mission dura-

tion. This 6% increase represents a 0.166% increase per hour of mission

duration. The addition in Operations Costs for an increase in mission

duration of 36 hours is approximately 8%. On a per hour basis this increase

is 0.22% per hour of mission duration. This increase in Operations Costs, shown in

Fig. 2.1-1 is not linear due to the fact that additional flight operations personnel

muz% be added _f the mission duration exceeds 72 hours. Therefore, going

from a mission duration of 36 hours to 14_ hours causes a 53.5% increase in

operations costs. This 53.5% increase is equivalent to an 0.50% increase per

hour of mission duration.



Table 2. i-_

OPTION NO. 1 MISSION DURATION TRADE STUDY

FLIGHT OPERATION COSTS

(225FZl_hts)

Mission Time

(Hours)
36 72 i_

DDT&E

(_$)
9.98 lO.58 11.72

Operations
(_$)

69.D3 7h.62 lO6.O6

Total Costs

(_)
79. Ol 85.eo 117.78

0 6.19 38.N

Percent Increase in

DDT&E Costs/hour

0 o.166 0.162

Percent Increase in

Operation Cost s/hour

0 0,22 0.50

Oper ations

(K $ Per Flight)

307 331 47l

ff
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ACPS Capabilities Option I

Option I ACPS requirements are to provide S degree of freedom attitude control

and a limited amount of axial gV capability. The AV requirement is for propellant

settling and payload backoff. The selected monopropellant blowdown system has

a thrust range of 27-16 lbs and provides the following control characteristics.

Pitch/Yaw Roll Pitch Yaw Roll Limit

Deceleration Acceleration Limit Cycle Rate Cycle Rate

Hin .135°/s 2 1.78°/s 2 .025 °Is .02?°/s

Max .581°/s 2 2.67°/s 2 .025°/s .0_°/s

O.l°/s Required

The pitch/yaw limit cycle rate for Option 1 is constant and is defined by the

.05°/s rate detection threshold of the IMU. Total inputs requirements for the

Option 1 vehicle are 16300 !b sec for attitude control and 34hO@for propellant

settling giving a total of 507001b sec which is well within the 650C0 lb _ec

capacity of the selected ACPS tankage.



2.2 Ground/Onboard Functional Requirements

OPERATIONAL CONCEPT -- AUTONOMY LEVEL III AND IV

LAUNCIi AND ASCENT

Orbiter provides environmental control, power, structural attachmentand

propellant venting and dump lines. Tug remains quiescent with electronic

equipment in standby mode.

PRE-DEPLOYMENT CHECKOUT

Mission Support Operator (MSO) in the Orbiter activates and checks the Tug

subsystems by means of the onboard automatic checkcut equipment. The MSO

initializes the Tug computer and aligns the Tug IMU. The MSO disconnects

the vent and dump lines and releases the stowage retention devices.

TUG DEPLOYMENT AND SEPARATION

The MSO rotates the Tug out of the cargo bay to launch position. The MSO

connects the manipulator to the Tug, disconnects the umbilicals, releases

the base ring attachment devices, moves the Tug away from the Orbiter and

releases it. The MSO activates and checks the APS, attitude control and

main propulsion by RF link.

The MSO performs post separation subsystem checks by RF link to the auto-

matic checkout equipment. The MSO transfers control to the Tug by RF llnk.

Upon acquiring control, the Tug is programmed to maneuver to a local

vertlcal/orbit plane orientation in preparation for the first main engine

burn. An inertial orientation will generally be maintained throughout

the mission except for main engine burn periods and when payload thermal

requirements dictate otherwise.

PISSING, TRANSFER, AND INJECTION INTO ORBIT

The data management system (DMS) receives the prop,_sion burn parameters

from the ground via RF uplink command sequence and executes the commands

at the appropriate time to perform the required attitude maneuvers, check

the subsystems readiness and make the main engine burn. The velocity

increment actually measured along with other pertinent data is reported

by RF downlink to Mission Control. Ground tracking and computation will



determine if and when midcourse corrections are necessary between principal

burn locations and the degree of correction required. The appropriate burn

parameters will be transmitted to the Tugby RF uplink cows,and and executed

by the DMS at the designated time.

PAYLOAD DEPLOYMENT AND SEPARATION

Prior to arriving at the desired location in the required orbit, Mission

Control transmits an uplink command to enable payload deployment. Upon

arrival at the desired location, the DMS executes a stored sequence to

accomplish the following:

Activate the docking subsystem

Disconnect the payload umbilicals

Spin up the payload if required for stabilization

Release the docking ring latches to uncouple the payload

Fire APS thrusters to provide senaration distance

Deactivate the docking subsystem including the spin mechanism.

Uponcompletion of deployment, the DMS is programmed to report accomplishment

to Mission Control. Mission Control then transmits commands to initiate the

next phase of the mission operation.

RENDEZVOUS AI'_ DOCKING

After the appropriate burns and coast periods to place the Tug within normal

rendezvous range of the payload, Mission Control will compare the relative

orbital positions of the Tug and payload, as determined by _round tracking,

calculate the azimuth from the Tug to the payload and command the proper

orientation of the Tug to permit acquisition of the _ayload by the

"D



rendezvous sensor (laser radar). The rendezvous sensor will acquire and

lock on to the payload which is passlve. In the event the Tu_ has no

rendezvous sensor, this azimuth pointing is not necessary. Mission Control

will ascertain by RF linkwhether the payload is ready for rendezvous.

The rendezvous sensor provides range, range rate, and angular llne of sight

data to the data management system which transmits it to the _round for

computation of the rendezvous intercept maneuvers and the terminal phase

initial burn parameters. Upon receipt of an upllnk command sequence, the

data management system co_unands the Tug to maneuver to the required

attitude, checks subsystem readiness and commands the APS burn to acquire

velocity for target payload intercept. After the designated coast period

the data management system will command an APS burn to decelerate the Tug.

For the Tug without the rendezvous sensor, the terminal phase initial burn

and subsequent deceleration will be determined solely on ground trackin_

data.

During the coast period, Mission Control will verify the payload readiness

for docking by RF link and command activation of the docking subsystem.

The range, range rate, and angular data from the sensor will be used by

Mission Control to determine final intercept maneuvers, compute the termi-

nal phase final burn parameters and determine the payload docking mechanism

orientation. Without a rendezvous sensor, the final maneuvers and burn

parameters must be ground computed from tracking data until docking sensor

acquisition is obtained.

During final target closure the docking sensor will determine the docking

structure orientation and the APS impulse sequences required to maneuver



the vehicle to a position along the docking axis at the desired precontact

range will be commanded. At this point the sensor will verify proper

docking alignment and the APS system will maintain this attitude orientation

while providing the desired closure velocity through contact. If the

payload is spinning, the Tug docking ring is spun up to an equivalent rate

before docking occurs.

After contact is established, payloadsubsystems are passivated and the

payload is de-spun by the docking ring drive. When the payload rotation

has been sufficiently slowed indexing will be accomplished to stop it in

the proper position so that umbillcals can be reconnected. The payload

will be safed and configured for return while the Tugis maneuvered to the

proper orientation for initiation of the next phase of the mission operation.

RENDEZVOUS WITH ORBITER

The Tug will be returned to the proper orbit for rendezvous with the Orbiter

and will assume a stationkeeping/passiverole during the rendezvous.

After communication is established, Tug control will be transferred to the

Orbiter but attitude control will be automatically maintained.

As the Orbiter closes on the Tug, TUg subsystems will be deactivated and

safed prior to attachment for retrieval.

When the TUg has been resecured to the base ring and retracted into the

cargo bay, the umbilicals and vent lines are reconnected and the Orbiter

again provides basic services to the TUg during reentry, descent and

landing.



2.3 ORBITALOPERATIONS COSTS

Orbital Operations costs are broken out in the following categories

PHASES

• WBS 32A DESIGN, DEVELOPMENT, TEST & EVALUATION (DDT_E)

PHASE (NON-RECURRING)

• WBS 32C OPEBATIONAL PHASE (RECURRING)

LEVEL

• FLIGHT OPERATIONS, NASA

• FLIGH_ _ OPERATIONS, DOD

LEVEL 5 (SAME FOR EACH LEVEL 4)

• MISSION PLANNING

• FLIGHT CONTROL

• FLIGHT EVALUATION

• FLIGHT SUPPORT SOFTWARE
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FLIGHT OPERATIONS COST METHODOLOGY

ESTABLISH A BASELINE CONCEPT

- i DAY MISSION

- AUTONOMY LEVEL IV

- ii YEAR PROGRAM

- CONFIGURATION I01

DETERMINED MAN HOUR AND COMPUTER HOUR ESTIMAT_

- EXPERIENCE FROM PAST PROGRAMS

SATURN

THOR DELTA

- TIME AND SKILL/COMPUTER

MAINTAIN A MINIMUM FLIGHT OPERATIONS CREW (60 MEN) AT HOUSTON

FOR NASA FLIGHTS AND A SECOND CREW AT SUNNYVALE FOR DOD

FLIGHTS

• REMOVE TRACKING NETWORK COSTS AND ADD N..._I'WORKOPERATIONAL.

REQUIREMENTS
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FLIGHT OPERATIONS

wss 32c-LV_2 (OPm_TI_S)

Ol MISSION PLANNING

ol - (519 MH + 6 CH) SDx_ + (104 MH + I.Z C_) wnm

02 - (2080 MH + 31.3 CH) AIxRDxSPxPD

03 - (173 MH + 2 CH) AI x RF + (35 _ + 0._ CH) AIx_DaSP

Oh - (4160 MH + 172 CH) RDxPDxSP

05 - (h160 MH) AIxRDxSPxPD

06- (2o3o _) PDxRDxSP

07 - (h160 MH) AIxRDxSPxPa

08 - (h160 MH) AIxRDxSPxPD

09 - (8160 MH + 27.3 CH) PD

02 FLIGHT CONTROL

Ol- (hS0 MH + 1 CH) ADxMDxNF + (96 MH + 0.2 CH) KFRDxADxSP

02 - (960 MH + 5 CH)MDx/_F + (192 MH + 1 CH) NFRDxSP

03- [(32 + MT) i0 MH + (32 + MT) CH] ADxNF

oh - [(32 + w_) mo _m] ADx_

05- (z6o MK + 8 OH)

06- (16o M_ + 8 ca) _xSF

07 - [(16 + MT) 40 MH + (16 + MT) CH] ADxNF

03 FLIGHT EVALUATION

oi- (16o MH + 10 HC) MDx_F

02- (16o MH + 10 CH) MDx_F

03- (6_0 m_ + 2 CH) MDx_rg

04 - (_8o mi). m)xt_

04 FLIGHT SUPPORT SO_FdARE

oi- (MisalonPlaa_) o.lo

OS- (Flight Control) 0.10

03- (Flight Evaluation) 0.10



MIBSION COL'TROL OERTER

CENTER E'm_somrm.,

• SAME CONTROL CENTER AS USED FOR

SPACE SHUTTLE CONTROL

• DEDICATED COMPUTER FOR DURATION

OF TUG MISSION

MISSION DURATION OF 56 HOURS

(28 HOURS PRELAUNCH, h HOURS

CONTINGENCY, FOR HOLDING, AND

2_ HOURS FOR TUG MISSION TIME)

FLIGHT DIP_OR

FIVE FLIGET CONTROLLERS PER SHIFT

REQUIRED FOR _JG SUBSYST_ STATUS
MONITORING STATIONS

• TRAJECTORY & GUIDANCE
(mmDEZVOUS DOCKinG)

• PROPULSION

• ELECTRICAL POWER

• THFRMAL & MECHANICAL

• DATA M%NAGEMENT

l_ TECHNICAL SUI_RT PERSONNEL

PER SHI_ TO RESOLVE-IN-FLIGHT

ANOMALIES

TOTAL OF 20 PEOPLE PER SHIFT
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2.h Shuttle Interface R_quirements

The Orbiter/Tug interface subsystem is composed of the extensions of major

subsystems to the Orbiter as are necessary for performing the major pre-

flight, flight, and post flight operations. These operations are:

o Preflight Ground Testing and Checkout

o Lmmch Phase Monitoring

o Pre-release Checkout

o Activation of Subsystems

o Dcployment of the Tug/Payload

o Monitoring in Orbiter Proximity

o Monitoring during Tug Mission Operation

o" Co,_nand/Control in Orbiter Proximity

o Subsystem Deactivation

o Retrieval of theTug/Payload

o Sto_a_e of the Tug/Payload

o Passivation and Safln_ of Tug/Payload

o Return Flight _._nit0ring

o Safety Provisions

o Ground Support Interfacing

Tile Orbiter Tuc/interface represents the provisions for mating two major system_ -

each of which is capable of independent operation when parted in space. While

mated, the Tug is dependent to a degree upon the support capability of the Orbite:

and of thc around through the Orbiter. Although passive during most of the

1,t,:nch and landing periods, continuous safety and subsystem status monitoring

is sust:dncd by the Orbiter crew.

_le Orbiter conducts many missions which do not include the Tug, however, and

it is essential that the Tug interfaces produce minimum design and operational

impacts upon the Orbiter. In order to minimize these impacts, the Tu6 ancillary

hardware is designed for easy removal and installation. The cabin provisions

consist of a dedicated portion of the Mission Specialist Station and multiplexed

interfaces with the Orbiter Data Management, computation, and display equipment.

'J'hls allows accessing and display of Tug subsystem status for monitoring,

di_gno:_is and. through the Tug-unique dedicated panel section, sufficient

control to take corrective action.



_e _nterface functions and interface hardware were described in detail in Vol. V,

Section 2.h.5 and the design approach, requirements, and characteristics yore

described in Section 2.5._.

The principal functions and hardware groups are listed below and are shown in

Figure 2.4-1.

%_nc major Shuttle/Tug interface operations and support activities which define

the Tu_. operationnl support requirements placed upon the Shuttle are shown

in Figures 2.4-2 (pre-launch and launch operations), 2.4-3 (on-orbit

operabions for T_ deployment)and 2.4-4 (on-orbit operations for Tug re-

trieval). Operational details and timelines are provided in Section 5.1,

crew activities and functions in Section 5.2, and Shuttle computer support

requir(ni,cnts in Section 5.3. The abort operations and the supporting

a_ysis are contained in Section 6and are summarized in Section 2.5.



FUNCTIONS

o Opcrations (listed above and discussed in Section 6.0).

o surety (discussed in Volume 7.0).

o Structural/Mechanlcal Support (attac_lents, mountings, manipulation

provisions)

o Fluid/Propulsion Support (fill/drain/vent/purge/abort provisions)

o Thermal Conditioning Support (temperature control provisions)

o Avionics Support (electrica//electronics. checkout/monitor/control

provisions, with datamanagement, co_,unications, electric power.

guidance/navigation/control subsystems)

o Payload Support (checkout/monitoring. control, caution/warning, safing.

electrical power circuits route_ through the Tug)

}MRDWARE GROUPS

o 'rug Support Structure (tilt table)

o Tug Support Attachments (hard points, latches, locks, support frame adapters)

o Remote Manipulating System (RMS arm is part of Orbiter mechanisms, Tug-

unique end effector with TV and lighting is charged to Tug support)

o Fill�Drain�Vent/Purse�Abort Line Assemblies (includes vacuum-Jacketed low

temperature lines 8nd purging provisions)

o Fluid Panels and Retraction Mechanisms (purglng provisions, locks, actuators,

drives, drive controls)

o Electrlcal/Electronics Support (instrumentation, sensors, caution and

warning circuits, electrical cables/connectors, interface units, Junction

boxes, test points, inhibit functlons/clrcults/buses, drive control

electronics, TV/lighting)
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2.5 Abort AnaljTsis SUmmary

The abort analysis is derived from an assessment of the requirements, con-

straints and design limitations. The selected abort provisions were described

in Volume 5, Section 2.4.5.4 for both suborbital Mode III and Orbital Mode

IV, V, or VI aborts. The options considered are discussed in the trade study

reported in Section 12.6. The selected options for cryogen handling for

both normal and abortedmissions are shown in Table 2.5-1.

The timelines are provided for each of the selected abort options in Section

6.i; the shuttle requirements to support these timelines are given in

Section 6.2; an altitude versus time analysis is provided in Section 6.3,

and analyses of the Delta-V implications of propulsive abort dumping and of

the effects of reduced weight during main engine operation are given in

Section 6.4.

The conclusions reached and a summary of the

Tables 2.5-2 and 2.5-3.

abort analysis are provided by



Table 2.5-i

CRYOGENIIA/_DLING

CONDITION LO 2 LI_2

Norm:E1 Mission

Passiv_It ion :

(Before Tug capture)

Vent ing :

(After Tug capture/

stowage )

o Keep residual LO 2

o Vent above 18 psia

o Flow residual LH 2

through engine down

to 3 psia

--7 _ - '

o Keep residual LO 2

o Vent above 18 psia

o Vent aaain to 3_psla

o Fili with _,bient He

to 26.3 psia .

o Vent down to 16+_i psia ;

o Vent above 18 psia

.-_.LT_--YZ-"-q---""--7.-_.:_[.i.:[[- i-7 .__.[-.__---._--7-._5"___Z/-................-'.[_ .:"[......-....................

Aborted Hi :;:;i on

Suborbi tal :

(Mode Ill)

Orbi I a [:

(Mode IV,V,VI)

Dtmp LO 2 to 15 psia:

(i) During engine firing,

20% minimum through

3" abort line

(2) After ET Jetti.';on,

remainder through 3-

inch abort line

Dlmp LO^ tof5 psia:

Primary Method :

(I) Durin6 orbital fli6nt,

i00% through 2-inc)'.

F/D ptlI_t ali_.t i'.'i 1' to
3-inch abort line.

Alternative {Backup)

Me_hod:.

(i) During orbital f'/ight,

,-_40% throui_h 3-inch

abort line

(2) During reentry glide,

remainder through

3-1nch abort line

Nominal

o Keep LH 2 in tank.

o Vent above 18 psia

Alternative _;tudy Options

o Dump s_quentially

:tft('r],Oo (CG con-.

straitit)"down to _

.[JOl{ f't through ho_ 5

in(,h abort l£nes

_q.Du.ml/ simuIL. %hru 3-In,li,

P3iefe_rrec__l-Ol)tions2 & 3F

o D,unp under vnpor

pressure to 15 psia

o Keep remainder

o Vent above 18 psia

l'rcferred-Options i & ,$I

o l)tuu.i,uuder vapor

lu'cs::;ure to 3 psia

o Fill with ambient He

to 26.3 psia

o Vent down to 16+_I psia

o Vent above 18 psla

o Keep L'.,I2 in tank

o Vent above 18 psia
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2.6 Operational Complexity

_m Option 1 TaB is s Xow Imrfo_mnee capability c_Sft4_r&tion having no

retrlevLX capabiXity. As a reauXt, c_mplexity is _ due to havinK no rendez-

vous, doektnZ or spia-,u_ capability and hsving on_ & three-da_ mission

_tima e&pablXitT. On the other hand, the need for more kickstaKes and the

Xow autom_ level (IV) contribute to a higher deKrec of complexity. The

n_ber of critical events i8 low because of the limited capabilities and short
I

mission _mration. _erelX, the operstion.e£ complexity o_ Option 1 is con-

std_'ed low.



2

2.7 KICK STAGE DATA SUMMARY
.

'_ne.use of a kick stake on four of the NASA planetary missions (19. 20, E1 and 83)

allows these mission to be flown in a reuseable mode with the _g. These were the

only missions where the use of a klek stag e was required.

A range of acceptable kick stage sizes was established parametrically. A survey of

existing solid rocket motors was made in an attamlpt to identify existing stage

which could be utilized for the Tug missions. Several constraints, such as stage

length andthrust to weight were used in making the final selection. The stage most

nearly meeting the requirements was the second stage o_ the Polaris A3.

I

Design details of this stage are classified and may be found in the cQnfidential

document Rocket Motors ManUa_ (U),Unit _ll, Chemical Propulsion Information A_ency,

John Hopkins University.

In an attempt to minimize changes to a standard tug/payload interface, the tug/

payload/kick stage interface sho_m in figure 2.7-1 wasleonceived. By reple_ing the

standard tug/payload interfacetruss with the one shown, the tu_/payload iY_terface

remains the same, with the exception that the interfac_ plane meres forward. The

longer struts allow the kick stage to interface directly _¢ith the payload interface

rilkg. There is no direct structuc_l interface between the tug and kick sta_e. The

longer struts were designedby the combined pa_load kick stage loads. Electrical

interface between tug and kieksta6e is aecommodate_ throagh the tug/ps_71oad

electrical interface panel. Xn essence, the klckstage appears as part of the

p_yloadto the tug.

Operationally, the Tug separates from the payload/kick stage combination in the

same manner as separating from apayload. The Tug provides the proper flight

path angle prior to separation. After an appropriate separation distance is

established, the kick stage is fired completing the payload velocity require-

ment. The kick stage must provide thrust vector control during its burn. The

tug is then free tc return to the shuttle.



i

•-Payload

Klckst_
to Payload
Structual
Tie

\

/

/
/

/

Tug/Payload

Kick Stage
-.Interface

Plane

Kickstage

Strut

Payload Interface
_USS

Forward End

of Tug

Fi,_ure 2.7-I, TUG/PAYLOAD - KICKSTAGE INTERFACE



3 ORBITAL OPERATIONS PERFORMANCE DATA (SOFT Panel Format)

The parameteric performance capabilities (payload vs. velocity curves) for

three inclinatLons, 28.5 deg, 55 deg and 90 deg_ were determined and

are shown in Figures S-I through -3.

Additional details of the assumptions

and applications pertaining to these data are given in Volume IV, Sections

i.i, 1.3, and l.h.
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_.0 Orbital Operations Costs

The flight operational functions are described in the following Flight

Operations description sheets, Sections 4'i through 4.9. Costs are presented

in terms of ground support manpower and computer hours in these sheets.

These data as shown in Fig. 4-1 and 4-2 are summarized in this section and

are converted to dollars.

 yr!
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FLIGI_ OPERATIONS, OPTION 1 - LATE _'_

The Work Br-_akdo_l Structure for the Tug Study divides the flight operations

into four areas or blocks, namely: Mission Planning, Y_ight Control, Flight

Evaluation, and Flight Support Software. In order to develop a means of _

assessing the relative complexity of flight operations for various Tug

eonflguratlons, it was first necessary to adequately define flight operations.

This was accomplished by analyzing the four WBS blocks to determine the specific

tasks required in each. These tasks fell Into three categories: one time e/forts

completed prior to the first operational flight, a continuing level of effort

for the operational life of the progr_, and those efforts performed once

for each flight. The one time efforts were considered _o be part of the DDTSE

activities (32A) while the continuing and per flight efforts were assigned to

the Operations activities (32C). With this format developed, a reference

configuration was chosen (Number 101) and an estimate was made of the manhours

and computer time required to aocomplish each flight operations task consider-

inR the specific characteristics of that configuration.

With the reference confi_uration estimates determined as a point of departure,

it _ms necessary to es%ablish criteria or a rationale for assessing the

or.erational workload differences between configurations. An analysis of this

area _oncluded that the workload was proportional to the operational comolexity

of the configuration and the mission. It was also decided that the configuration

cor.:plexity could primarily be measured by autonomy level and the mission

complexity by mission duration. Since the reference configur_tlon was

autonomy Level IV (completely dependent on ground support/simple onboard

equipment), Level IV was, given a reference value of 1.0 and the other levelz

given relative values to reflect the de_ree of difference. When auton_

level was use./ to measure workload related to ground support _ependence, the

workload decreased with increasing autonomy levels and values were assigned as

shown below. It was &ssumed that _Ound support effort world not be chorged

to highly autonomous configurations not requiring that support even though

experience indicate:_ that it may be required for some other reason. Some

task workloads are proportional to the complexity of onboard equiI, nent and

therefore tncren:_e with increasing autonomy levels. (Level II was considered

the higheat level because of the ad_ltional m_ssion planninF_ c._pabllity. ) Value._

_ere also assign(:i ,_s shown belov:



AUTONOMY LEVEL EQUIPMENT COMPLEXITY VALUE DEPF._DF_CE ON GROUND SUPPORT VAI/IE

IV i.0 I.00

III I.5 .67

I 2.0 .50

II 2.5 ._0

Since the reference configuration was a minimum (i day) mission configuration, a

reference value of 1.0 was given to the 1 day duration and the other durations

were assigned relative values as follows:

MISSION DURATION

DAYS VALUE

1 1.0

1.5 i.i

3 i._

6 2.0.

Assignment of these values take into account the fact that a configuration

capable of longer duration missions does not fly all lor_ duration missions and

the avers4;e mission length is actually shorter. To obtain a more precise

assessment of the eL'fect of mission duration, actual mission time in hours for

each flight can be used in lieu of the single mission duration factor value above.

Some tasks must be performed for each flight and, therefore, the reference

configuration estimate (per flight) must be multiplied by the number of flights.

For those configurations where phasing occurs from an initial to a final

configuration, the continuing level of effort tasks were factored for the number

of years the configuration is to be operational. Since the total operational

program is eleven years and the configurations areoperational for either four,

seven, or eleven years, the following values were assigned:

PROGRAM DURATION

OPI,,,'RATIONALYFARS VALLFE

ii 1.0

7 0.7

0._



While the program duration factor proportions the effort between two phased

configurations, it does not take into consideration that many of the efforts

completed for the initial configuration must be repeated for the final confi_ura-

tion. To take this into a_count a factor was established as follows:

DEVELOPMENT PROGRAM

DIRECT DEVELOPMENT VALUE PHASF_ PROGRAM VALUE

1.0 1.7

Since the reference configuration did not have retrieval capability additional

complexity is introduced by those configurations having rendezvous, docking and

payload spin up capability. Appropriate values were assigned to these factors:

REI_DEZVOUS AND DOCKING PAYLOAD SPIN-UP CAPABILYTY

NOT RUIi_ RE_OUIRED NOT REQUIRED REOUIRED

l.O I.Z l.O l.Oh

With all the complexity factors defir_d, an assessment was made for each task

to determine which factors affected the effort required relative to the reference

configuration and how they varied. A summary matrix of the tasks and factors is

shown on a following page.

Using the manhours and computer hours estimated for the reference configuration

and applying the appropriate factors to each operations task, equations were

prepared which could be computed and summed to provide the total flight

operations effort for any Tug program or configuration. A computer program

incorporating these equations was developed to provide maximum flexibility

in determining fli_,t operations efforts for various programs and trade studies.

Separate manhours, computer hours and dollar costs are computed for each WTJS

element (Mission Planning, Flight Control, Flight Evaluation and Flight Support

Software) in the DDT&E (WBS 32A) and the Operations (WBS 32C) areas. The

Operations estimates are computed for each year of the operational _ro_ram

and totaled. The NASA and DOD figures are computed separately.
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The Operations tasks were further analyzed in terms of actual people and skills

required. It was determined that a Rinlm_ operations crew (one for each of

three shifts) was required for flight control of only one Tug flight. These

clews _ cal_ble of handling a significant number of flights per month; a

greater number than sometimes required by the mission model. Even though these

crews m utilize_ to perform the mission planning, flight evaluation and flight

support software tasks in addition to their flight control requirements, there

is sometimes an excess of manhours available. In order to allow for this, the

manhours available from the minimmn crews are incor_oreted into the computer

progrem as minimum for the 32C area. When the actual manhours requirements are

calculated, if the total does not exceed the minimum, then the minimum is used

and the unused manhours are shown. This minimum crew is required for both NASA

and DOD.

Option 1 consists of a configuration similar to the reference configuration;

autonomy level (IV) and program duration (11 years) are the same, neither has

rendezvous, docking or spin-up capability and neither Is a phased program. The

mtssi_ duration (3 days) is greater than the reference configuration (1 day).

The appropriate factors, number of flights, and mission times were inserted into

the _puter program. The results are contained in Section _.

The I0C change for0ption 1 presumes a two year delsy in the operational date

which shortens the program duration to nine years. The inputs to the computer

program for the first two years of Option 1 were deleted and the results of the

calculations are shown in the following pa_es.
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_._ Facilities (Non-Reeurrins)

The facilities required to perform orbital flight operations for both NASA at

Houston, and DOD at Stmnyvale, were asmmed for the Space T_ Study to be

currently available at the respective mission control center. As a rester of

this as_tmption facilities costs for orbital flight operations are not included

in the present cost model for the Space Tug.
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_.9 getvork Operations Costs

Subsequent to the Concept Selection the COR directed that the network operations

cost be removed from the fliEht operations cost est_ates and that netvork

utilization requirements be calculated instead. See Section 6.8 for the results

of the network utilization requirements calculations.
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• °



_0 SHUTTLE REQUIR_4ENTS

The operational requirements placed upon the Shuttle Orbiter ar? tho_e con-

cerned with (1) the structural and mechanical hardware used in support of

Tug/payload deployment and retrieval operations, (2) the crew involvement in

check out, monitoring, safing and passivation operations, deployment and

retrieval manipulation, visual observations via closed-circuit TV, caution and

warning displ_vs and corrective system controls, and (3) the data man,'_goment

syst_u interfaces, h_rdware and software, including computer support require--

ments by the Orbiter computer and the dedicated p_yload computer crp_billty.

5. i D_plo._nent/Retrle_:al Time]lass

The condensed operational timelincs for Tug handling ar_ shown in T_-b!c

(deployment of one or more payloads with a single Tug) _nd Table 5.1-2

(retrieval of a Tu_ alone or a Tug with payloads). The expended ti_ollnes

p'ovlded in Table 5.1-3 are representative for all, dcp!o:rment or r::_rieval

mlsLions and are based on the f_uctlonal flows presented in figure 5.1-1.

.5.i-!

.5.2 Crew and Shuttle Functions

The crew functions are basically defined for a four-man crew, considering the

Orbiter. Tug and Payload requirements. A review of these crew functions was

conducted to consider four-man and smaller crew complements. The results arc

sunmarized in Figure ,5.2-_ and the crew/Shuttle functions listed on the crew- .

size impact assessment charts. It was determined that a three-man crew can

physically manage the dual functions of payload and Tug operations, plus the

monitoring functions of the Orbiter, if the Orbiter has autopilot control and

operates in a powered-down quiescent mode on-orbit. A co_nnon MSS/PSS conscle

would better accommodate this option and would release the connuander. How-

ever, a very desirable increase in operatio_,al flexibility, emergency rc_poz:,_



w

Z

NI

LAJ

x_

!
r- I--

u_

g.J

14.

,cC

rt,

bJ

o

_ • •
rb_

o



J
w! _°
z

if"
u_

°. h-

_o

>-





1
.I

I

O



A

ooo ioo o.oo. iooioooo

0

_L_ S

0 0 0 O O 0 0 0 0 0 0
_,_ _ ff-_ ¢v_ ¢._ _ ¢v_ _ ff'_ p"l 0

_J



ii

0

0 0 0 0 0
0 0 0 0 0

0 0 0 0 0

0 0 0 0 0
0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 ¢_ 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0

_ o _ o o _ _ _ o o o o•o o o o o

. ooo o OoOO o
il



I
g

i

_ o

I--! _

,-I r-I _ ,-4 O_ ¢_ O_ OJ O_ (%1 OJ Od _U CU _ _ c'J



¸

• C3 r_

u_ Lr_ Lr_ _ _3

C_

r_

i-I r.4 _ o.-i _ i-i J-I _,I

C_J C_I c_J C_l

: o

C___

_°



__L_
tu

-'- I--

>-0c_o
s_r.
w_

u-N<

I_. _, _.

U--o

_j

J_
tL

_ o

_ tL
i

D-- ,I

!!

iJ

r3
m

E

.I
O.
,,:J
Q

,,oZ_In

1

ON 110_4 --
II_lililli

,&l IIIIV,lll,I

0



0

r-I
I

_9

,0,,g

S

TI
iJ

L

Q
z_

I _'_"

-'°
t

,, , /

Z

Q

U

_/
u.l
>

..J

Z
0

F.

ILl

0

>-
0

u_

E
0£

U.

m
Q.

N_,_ amo,_l



[

LUCJ W_

0 .e u'J

T

L
W

,-4

w

T

|

It
lJ

Z
_00
0_

,t
x_g
g_g

K

m

I _

I--I- o

M
;M

• l

W

_ _>

tl.

| .,

I

-_._
|,.... Z D U.l _

.t

I

<boo

_ ..

o _
-- t3

t

g_

t
"or-

t ,
I--m _

=_,_
NI--_

t

$

l

Q

A,,.3 I.,
Z 1-

14.1 <
--J

.,J
Z a.

_ o ,,,,_ I

_ ,

i

I .,

I _

' i
, 1

c,,}--

r" _ I" i

-,| CI_IV4_I4 R..e ¢..,u.N

(.,



o
(,,)

v

,...I
I

J-I

Z
|
5

tl

i ,

I_ _°
_o

Q..

L:'"

l,

T

)eL

_T
'< I,__

i°+l

I..

T °

,-_ I.-

u.l:_

t

+ I_LLP

iii i

0
_UAN ;me _nOdl

aD

Z

z

Q

L_ _-

_ c

0 u

o

II0_W

©
1141,11111.a"• ._0



0
0

r-I
I

r..l

l,)

.i-I

I
w°.,I

,u ':"!

I-- _ ,.'_."Z,

,i

"x

I'-)._

GoS_-

...?

_v

o _

_. _ :_-.

_ m

i: °

sff
_z

'l
_g

,-I

u'_l-

I__:
._l.-

i_

| _

.l

I_?_*

_" -,,.d,o

I

_--,z ,,j m
o_._)

c._a >'F'_n

_I

I _J

J

Z
0

i.-

0

I-

'0

I-

I-

II
11oO11 oAID_d mu

0
• IIIL'O Alml



• 0
U

PI

,,-I
rr4

I
_-Wcl
ttt-m_

_7____

_Zu I..

_'Zro

i

I

w_-

T , .

_-o-J

• _._

i

1,
hJ

O,_Z

O_ ua ._

T
,Jm

Q IIJ ,.._

_ _4-a z

_._ _

z
0

..i
W

W
.J

Iff
o

z
o

o

o
--I
)..

0

,j

© ©

.j

Ol'el41"le



rj

o

_.c].

¢.Q*

o_..J
,..i Q _

a.

1,
-¢_

LU X
_'J LAJ

l--ou_

u_

1
_ J

__j__ -

ho.._

i

C_Ld

T
_.

M _1...

t
"-e

20 I _

G. ').. -- _j

-I

I-
i <_r..

!:

.T
_o

_ L

/ _
/ u_ -_ ._._/ _ _,_.o
_-_

1

i

Z
Q

k-

..I

z
o

o
-I

0
.t

_J

_D

. . . _ 1..

0 0
w

m

©

• ° • ,



¢J

r-I
I

J-t

G)

,,-I

,!'

I_ _r_ --I.._.

_u't
LU_r_

T
_ o,,,_._

_Z

_° I-.
tj_
l,,t-

i

i
0 F-

i i

T
I _>--.

ii

,T
F-

--l-

_B _'

:_i1¢

i
_uuul

e_u.}

i

x

>. I._ v-)

U'IL_

,._ ,_ _ ,'_-"

i:;3g :_

T

Z

t-

t,.

O

_J

F-

o

I-

¢f

tJ

x

.j

-,.j

@

0
M •o_ ulow_

'MI QIIW_/4 _)*,_e.*_ ram*

0



1

o

r-4 •
I

r4

d,

I
_ m

ii

T
C_o_e

LuO_

l-u_ I--..j
v

-_o_

T
wo'_O

[_-,,

ii

--J¢ ,

o,_._

W

I.u .._
1,- _,._

0
_°

2

.-J

_J

Q

_J

I.-
m

o

o

1,4
Lu
o
z
_u

n,

o

h
z

_e&.e anue
t&iJ 4NV4_d Oe.em.ew re,sod

,-)



0
0

u'_

, i

!"
uJ_

t

a..,_

t
I I- :_,',"

_ _ _ _.;

_.l

_-_
•, _,_, _.

o
I

I--

Z

b_

_J
w

_w

_ua
t_

0

>.

I-

o

_e

I

I!

0

-iu, m

,41111_I

¢--%

m

0



0
o

I
i-I

d,

I

II
il

_v

_._'_

,_1 I-. _- wl

|l

1

°_- _
i i

1
'i'i

I
I o

INN
r_
• #

_n z

=g_ ,,"
x

0

Z

U-

..-I

o

<

o
,(
o

C_

L._J
(r)

Cl.

0.n

o
.,I

L_

o

J

©
Iil,l ill,

e_l ,,Ie-w



0
¢)

v

I

4)

.rl
r._

t
Ll. C,

_2_
W

F-

1
_z

j Z _¢'

._z

_° v;*-

__=o,,_

.,a>_

_1 u I..- >-
•.:. ,-, <[ "'-

_o
m .J

w j_

X

i

I ....

i ;¢ _ I--

'l

Z_

L,a_

o :._,-
LL "- _--

i ,

--. .c
7_

oF-

,,l ,, ,

U '-: ";

_>
IJJ I-

_, ¢.,

C:) o
¢j C)

..j

3

@

_-2-7..-
llOYd

"ON Jalodm

im

0

J



q

i

T
i,_1-t1.1

w cff ..'_

I

_o_'_ I

!I
©

N

I

U'. "°
_,J >_

i 11 i

r-o_ "

'T

"i1

'T "

i

_, ._ _,

t

I-
o

--_* r- C) o

c_ _'-

ff'l ,4

_I_Vd

Q_ _B

©



i
o .J

_" _=

!Lt
.MLL-_

] L,J t,_

I _ , °"
i..i-- z J

, T

UjI" C, RI_

I ' i

oo_>. N
tu,J_

g _

0 _'11.

x _

iJ

0

qMv@ m

O
IN le.le



0
o

v

,--I
I

,.-.I

r._

!
;_.1 ..II

_ __,_

I ,l

.l
w_LO

"_
I-

1

k i / i

_,_-o

1
0

ii

i _ Q F-

T
9*g

4" _-

o_

° I
__J

I.-

0

]_. ,-.,
_ 0

2 _

UJ _

I._ o

"--J o
I-

Q _

TI

IIW

m

W

©



A

0

r-I
I

P-I

u%

bO

lu

u.

J

I- f
z

", _.

o

0
U l.ll ,_-.

t
v_ 0

1
t. ")Q_

1

!

ee _

,

°_

I,

i

l-
U.l L_ _

I

t

i

I _ _o
-_o_.I o _=.,<

I _._

I_ o°-°

Q.

W

Tll i

0

I,

i

t

5_

,!

0
W

©
O0.em.ee O_Od

,j



i iI
i

,_o

I,

'i' ,
r.4 t T

_°_ i '*_-"-"_

I ® I

t
_r-

_F"-

I-- _.3_'-

i

__J
ii

|

TI
0

M

..................... i....

_1 llOYd

_m

m

I1,11Iml_J O'8"dg'U nO0_



, ill i i

._.i =.= e

J
,. )-N::)
_:_ _ I--

,._

U..

g_

, ii l

|

II .............................................
. . m

i ,1,



0

PI
I

r-4

I/%

r_

I/I

I
0

Q

l..i

0

I.-
U

.J
ILl

0

0

C-.

G.
0

0
,,d

!
w
off

E

0
u.

Q.

l

/"%

w

©



ml_
I- i.,.

_¢°_-

_ I

3,,_<

li
i!

quig

©

_-" JO
"oil llOtl_l _--

"oil _

?.,_
%.,,,#

Z
0

?_. P-
U iti

Z I-

I,l.I
a

I.l.I _1,

0 w

I.l.I N

_ _ 'x,,,_

e_ e' o

m

0



0
¢,,,p

,-4

Z ""

_..u_

L

1,
_o_

I

t-

_ o
Z _
0 =

o
..J w

1

.: 22" WW
"d a_',_lld

©



0

r,-I
I

ll ill

i

1

_2_
_ F-.j

: " T

•_ I.-- _ o

_'_

.1

_,D OOU

i

1,,

_1"_ o_
_ uj F.- c-, -,a

T

W _

O

!t
il

©
U

'_ DOVll --

©



s

!
Ii

0
U

I

U

I
_Q

_i_

_,cz

_<

i

0 J

_z _

qll,l_

• .

_J

©

wm

_._,o
- zl--

g

.l

l

-I

Q

Z

m
I-

_J

k,-I

C_
Z
0

L_J
U_

<

lu
U_

<

0
-I

0
-I

g5

lcmm - a ,



ql

0
tJ

e-I
I

-,-I
lb.,

i

t..': -.v

_" _:z

e:_ =c::)

, ,l

t... uJ
u.. ¢vl _-

t., ,_ <:

,1
::::) -

_: F. ',c

"<>

0
m

I-

,..I

t_

I-

o

o

dll
d

o
o_
i-
tM

Z

g

1
|

II

O
IVQ "004 6'0V4

t'--_,

w



F'._=_I
/ I- ,-,ll2_. I

l-'t i-g_ I
, i.'l¢ -_I<,i<>o.:., I

I__>-<,_J

-- .f.21

!i
,llivil

N

©

I

T
ill ill 1

lu >" i.. --

ll._ __. ,ii, '''_

'T
g_

_ _'_
M

_i_
_za
_.r- 0 t.)

? ,,

T

7

_)..,

1

i
i-. ,_ l.<

I-'-_

l
LI. 1_ ' i

I
Ill t', I

_ > _,__,, |

I °
i _
I_ _" _

w
L_ _

I -° )-

Z

o

%/

,iill lllllTilllli

0



1

I
i

0

t-ZJ

i |1.,

_J_Q

m z.; I..
,,_< I-

0 v

__o.,o zUjt- _

I ii'.0

,,_.o
-" tu >1- C_

F._--

1

J'

I
5

TI
!J

0
m"

m

,All (1111_14

©
al# • _1.



I

u_

I
W_

_°_

,_-_r-8"I

1
>.ul _

- |

_1__
_lalZ

i| i

1,

o

Z

2

I,

...J

--J

2

Q

0

o

u_
o

ILl

0

0

Z

,@

Z
I

?l

C_

U

_o4.e • .



0

,-I
I

,-I

II

I-.I--_. I

I

I

©
m

'00d_v4 ' '

J

_ ".-_ C,ol
-""_ o _.I

_-° p_
bJ_.

_a

•" I _

_ _ a2
_tJ tll '¢_ _

o _

I,
lu _,,

- ,mlK_w

0
N,4fJ II IIIKI4



I
m_

,,,M'm"q_,
_.°_

f
i i :l
t Z ,i.I _, t

I_ _ ,..,_ l

l" o i-- '__

I"_0<=-_".I

1
,, ..i _'. I:1_

I

! I )
g_ ._ o

r,, _..._

, _ _

._l_ .---'
_-.'_ _ .I

_<. _

i_ _..'_s/i

I

llt ..........................................._ __
'illll 'lli_

ouo_.* *w-,
oil (llilVillid llll-il-ol _,*

0



|
|

tl

IS

0

ii !I :::u4

I_
i_°,,

T
O_ o ,'_ _

_.(a.

o. in:g( -,

: i!
0 _

_ o I"

l

i H

O--  llI0'''
T

S_ z

o___o_-

-_ ," > _ I
,,"_: !

""'l

-t.> !-
u=M_

M

"ON li(W4 --

I

m

0



4_

0
0

EJ

.rl

I
U_

LLO_

>_

C3

_ k_vl _ 0

UV_) A

e',l _MO

l

I

I.-.

ld _0_0

n

I .

I
I

.<_
.,, _

• _S

,o,_o<

I,
,,_ ,_ _ _

_ _'_,'_

t

_ o

_- o

0 u,
_ w

II

014 &llO_Im I_0_



!

I,

U

Qf_.
_bJ

_._o
x

o_
-_

0 1--%

, i

_- _ "_ I

l, -

---f-. J

I boo'- ,
I ,._ I
I _,:" "__ I

I_, "I
I

I I III

t
tu.,l

'l_ow
• 11#..I _iiii

©



i i

II

O,
--',2'_ :_

z_

• ,i_' _.. _

l

,¢. 11=._....

• .. "+1__, .._

"_ --' _ 1 .:'_

'5i

_,:,,_ -

i
P-- _.

/
II

t7

I'l'l '_ _

::_g

_" i-

_ .

X

• .[ ,.

'1

"t_1 m . 0



0

L_

_1
,, ,,..._

Lt _,' ,'_

. I_

,Ltl 1-- _

_ .,

ii •

IL

x_

E
i i

I
u_a

I._ _ o_. _.

Z

LL

..J

0

I

_"_'
_,_%

o

,,.I

0

w
o.
o

o
-i

.%

p_.

• !

©



U

I
n

0

,,r.,l
r_

rL_.

+-.-

I'+ _ t.,..)

c, _ ,...J

I+ q

_ .-,I C:I

tu'>+-_

,I
tu _:

i,.. o _rJ

,+< Pn

I
..J

--oo_

_Z

(4 t..J

I +

+,t"_, ._ 'q'.
:'+ +.) T_ ,'_

I

!
+

!
_z

_ o -

Z

o_

..,J
t.iJ

ILl

,..J

Z
0

I._

b_

."'3

,,(

0
.J

o
.,a

II
ql_VO 'ON love --

'014

.... r_m

0
¢l,r. • m++_

l)4k,._l i111 +



t 1

• ,_,,,

i ii

.I-

T!

2 ,

fin

i .

A

o

"_.Z

,l
4

., T
O

_l

T

o

LL _

L_J _

L_ o

Z "
t-

_ N

....2

J

F

m

J

coL.e i,_o_



i I )

:z_.J

,.P, j >,.

h l ,

-_'_. ,_

__ _

I

©
''W

._.-°a

_.__'_, , .

T

_:._

_ g

I

t
e_

i

_

_t_r_

L

0

0

i=i- _-

_' _

!
LL:.

l

•C_N IOVd

"ON a,eOdR

0"_,

J

0



i _

_-- 0 Q.. ,_.

T

T
-_. !u

i

T
-- I,d_ I_

!

P_
-,-I

l'

i' __j___J
I

_o _

n

_ _oou-

g

=, ___. 8_

i -

t ,l

©
m

© ©

_..j



la

• !

.  iiili

b

I.I.II_ ¢,J _

_.,_ I o
'-__ _ _ I

@iv w i

..J

e_

I

11
iI

0
_J

0

' m

©
cl&-o Aam|

pe.ae.N_



+,..j



I)

I

Q u_

,., I-- I- ,,vs

<_U v,,

T

L,

I-

I,U

• <l,-

Wh,

o

.. g g

.,J
• _

,,I ¢'_ _

I¢

I,_ a.

U _W

C; c',,
_=.,I

e..-_

O
s,¢.e Alto,



I
[,

I- +... I-,.

l,,u _ _j

Z i.,.. I"

! =E+_
i _ I-- ..J

li.j-

i

--. >__+
• mE

l..-o <.

l.IJ .._ irl Q.
IT.+,"-

v u:3_

,i

'Tt
il

0
Ill_MI 'ON II_Y,I "

. _"%
%=.a _)

+ii • m|•l

041 ele_+ .



.1

k_

i:1
0

r-t
i

,,,,.4

I

, 1
i |

Zu_

I-uJ

l t0_
wO

i

ZZ_.

h_ °

T,
u-_N

_2

|

i' l

Z
0

"7

i.

_J

-J

2
0

(1")

0

Z

0
m
I-..

0

_..

I
$

!I
m _m

0
w

12. _-_ III

'II_M

0



0

v

I
• f-_

i

I

TI
lJ

0

I
I,-'_

a.,_.___

T,
..

|

i

.,._. ",-

I

T
°'!, _'_._

tl,.JP-

!

M

I

_.Ju,

-_ o

I
I |_i

i

" l

!

_2t-"

_o

i Jl

_°_

1

'i

° _

1
t.I

"ON m

0

2

1,

Z
0
U

0

U

LI

j



i

1
+Ot.d

,_ I_ i
/ tu u "- '_"

o_zm

_°
i

tLI

o_ca_
jO

--: " i

I !
? ,

<._ I_.l ..Ir_

,t

0

_

.1

..J _

0

I :

O " %1

m
cti-e _1,,i

(')



0

g-t
I

u'_

I
w

_-_

t
,. _ld

t

i
_.. -_

_'_._

_ tl'l

.l

_'_ _ _-z l.-

| ,

I-

_ •

0

l °"
_ m

g_

.I
_.,,

_t
Z

tl

©
' qllvO

01_II

"ON II_4

"4014 ll04n "--_ W

m
iii,I +Mill

.0



t

t
U.l _Z _: "¢

1

ZcC_[

riZ _,-

¢_.

1

l

iU

Z
C) ¸ <

t--. tu

Z o
:::) z

--J
LLJ 0

),.

.>.

Z
O

k_J

(,p) _o
-)¢

!

O r,

I

,,MI_S&l

©
ii1- I IIi.



0
o

r-4
I

I.,

U) l.a L_

t_! _ "

- _"_i_ ,"

,.T

I, -v,_

- ._<

t
Q_

o_

__>_

T

o

_'t_ - ._-

T

i
I

I
I

t

I
i

I

I-'"

_ -J OOJ

I

L

_- _

I

t

I*°u. 3

... L_ _

_'_<

l

,I
LIJ>. _J

-.J

|
3

?!
i;

0

_ICVq

i

"Q_I IIOV4 IIII

.j



I
_°, .J ._

!

N

.,d Q
i i

I!
lJ

_TJ

_" I l

,,i _z
__-_

!

f
_. w, I i,.

_,_ _. x _,
:.

'i i
. U., 0 3,: _

- t:

t
_o_:_
_..,3 ,,_

•_'_ ._ _,. ,_

_" _L,

i

.t

- / /

0

I _ o o

+,it+. . _

l :

mm

"J0_m

0
114.ae.ee



0

r-_
I

r'-I

,.e.i

I

i

. I

tu _
t_ _ tJ

_k '.', -.:

_"d

° IU4 _, r_

.I

_:_ ,

I ii

,l,

Z

,

t

< I-

TII

- jI.. -- QW

_-._ 2:=-=,

.I
u._-N

_._o I _-

Y'"_ _ I

_e

Old

I,i
,,_ ,_, _ '__

i-

z

T!

lJ

0 r_
,Jil Oll'Vd lid

¢i¢.I +Iii

le.,_-lll Ill,o+

+_,,]



]
14%

I
d"Q_ "_" I
I,= - I _. 1

1
_<.

• ._

1
i

_'.'U4 "-. -

_ _.Qz r"

_ _,

,i

_t_;
U

"!

Z

I--
u
Z

Lu
_J
W

w

Z
Q

o

R

z

0

?_.
Z

I-

ll

i
i

?!
It
f<

%.,,.#

,&III,iiVdid

0
ii

IO-_l.lI memdr



0

v

r-I

i

I
r--i

Q)

J
L'ul0 _

L

i i ill

z

i

"_" _ _:i >"
_2e,

T
9_

tU_'O

Ig

,l

i

,_ _-__

/

_,_ _'__-

i.

_ c_.o _

_.-
•t _C.i....

T

o_.o

{

. _ *
o

_ 8

I
1
3

0 m

,..._./

I

_tll qm_llM _ _.__. ,

<')



....+ .

_.,j

i I +

.<_.o

,,_ ,., .

+ i-i.... li i'1_I_

+.+ ++1+I!-.!,,+I.+!,+....+++++,+,
J

1 mt
o o _ ,.0

.._+< +;f_ ,,-,.<

I
|

+¢-++:j
.

qoM _ i16.i lll_l

' ' ' _I! llO, II ,,,,....,. 'I,I aWdlkl _,.,_._

"" 0



"b

:'_ OC,!

t ' _,

)

c"

L.
• -°

t',,,I

4, •

?" L

• - . • I-)l I

I ./ .._% _ i /A

'\

:,_ _

_._

_. t, 3
|- .., _')

i_. '''_ 1-..,., 7"--....

k_

,., _2
t:_ t

_'_ _

it i_.

\, \

\<-&

_ii '4 ._ V-_:7, / /
_ill _' ,_ _ /

•": /)1! _"*

_ _ _,

.'_

_c t

%



CREW-SIZE IMPACT ASSESS_I_f - I

One-14an C_'ew

(Totally Impract ical )

_:o-r4an Crew: (Difficult to imposzible without highly automated systems)

If Autopilot operation of Orbiter is provided:

• Provide Orbiter C&W panel at mission specialist station

• CoE;ander can opcrate mission specialist station

• Cop_.lot can operate payload handling (R_) station

• Payload monitoring, orbital readiness testing (hes,lth checks)

are assumed to be Tug autonomous or performed by remote monitoring

from the ground

@ This mode is very demanding and may not be compatible with an _u.-

sophisticated payload with less autonomy incorporated for self-

activation and management

Three-Mnn Crew (Practic_l minimum crew)

Similar to two-man crew in manyrespects.

• Autopilot operation of Orbiter is assumed

• Orbiter C&W panel is provided at MSS

• Co_ander provides overall supervision of all orbiter, Tug, and

payload C&W monitoring, safety activities, and other operations;

including communications with the ground and procedural document

check off.

• Copilot operates payload handling (RM8) station as directed and

maintains visual contact with the payload bay and contained hardware.

• Mission engineer/scientist operates combined MSS/PSS, including

manual activation, monitoring and payload-related ground communications.

• Commander is available as backup to assist either of the other two

crewmen (who are essentially immobilized by their duties). I!e can

also respond to an orbiter emergency or caution signal without inter-

ferlng with a possibly critical phase of payload deployment or

retrieval.



CREW-SIZE IMPACT ASSESSMENT - II

Other Factors

• Orbiter station provisions for other mission models will influence

Tug missions because hardware/software will:

i. Be awdlable anyway as required for other missions.

2. Shape the standard operating techniques of the crew.

3. Influence the division of duties between stations via physical

separation of equipment.

• Fourth man can be derived from other missions (Sortielab)

• Prelaunch operations by the crew when both Orbiter and Tug/payload

activities are involved (same for reentry) will be time-constraining.

• Complexity and/or extensive manual support by the crew of some pay-

loads (now in mission model or potential for future addition). Mission

flexibility for future added m_ssions and for mission extension may

dictate other than a minimum crew capability for the Orbiter.

• Orbital readiness testing of payloads is a key driver, particularly with

continuoun activity but intermittent ground station passes. Calibr_Ation

of complex channels and de-gassing time lost for high voltage equipment

have been identified, and real-time data verification or analysis will

require crew time and skills. _./hile these could be passed to the ground,

acted upon and control directivcs be sent back up; the times over truth

sites, time to communicate, time to command new data acquisition P_nd

time before again passing over truth sites will impose operational

complexities and constraints. This suggests more available crew time

and skills.

• Many safety-related activities (passivatiou, stabilization, purging,

de-activation) for Tug and payloads; plus Tug maneuvering, Orbiter

maneuvering, R_ operation, Tug support hardware operation, au_d Tug

monitoring functions occur during Tug/payload retrieval.

• SOAR II-S study mid-term (July 1973) conclusion: "Insufficient time

exists for all payload subsystems to be checked out at MSS. Therefore

it is recommended that Tug and Orbiter performance and checkout be

performed at the MSS and that spacecraft systems as well as experiments

be handled by the FSS."



• Provides better management during launch, abort, and return flight

when both commander and copilot are fully occupied with Orbiter flight

duties

Four-Han Crew (Provides ample manpower with less operational constraints)

• Manual supervision of the Orbiter by the commander is assumed.

• Copilot assumes active supervision of payload operations with functions

similar to those of the commander described for a three-man crew. He

may operate a separate MS.

• Mission engineer operate_ payload handling (R_) station

• Payload scientist/engineer operates a common _._S/PSS, or he operates

the separate PSS.

• Provides more skills and better timeline potential for off-duty tiz_e.



c_p_bility, and total crew-skills will be available from a four-man crew. The

four-man crow also allows rest or sleep periods for extended and combination

missions; and it allows for commonality of equipment, training, and operational

procedures between short Tug deployment or retrieval missions and the seven-day

Sortie Lab missions, for example.

Additional insight for crew functions is provided by the Second-Level Function

ch_rtso Figures 6.5.2-_ through 6.5.2-_. Additional information, functional

flow charts, and operational concepts are provided in Section 6.2.2 for the

complete missions.

5.3 Co_._uter Requirements

The Tug subsystems are monitored, activated, and checked out through the Tug

Data Management System as d_seribed in Volume 5, Section 5._.2.3. Tie avionics

interfaces include a Tug-unique panel section on the Mission Specialist Station

(MSS) panel. These dedicated elements provide a capability to access the Tu_

subsystems data and to convert it for input to the Orbiter computer _d/or

the po yload computer (these may be combined physically or _,nctionally). The

Tu_ data may be displayed directly on the Tug-unique Control and Display panel,

or it may be processed by the Analog/Digital Converter/Multiplexer and trans-

ferred to the Shuttle Payload Computer for display on the Orbiter Perfo_8nce

Monitor Panel at the MSS.

Control functions which are necessary to correct for c_ution and warning sig-

nals and conditions are provided on the Tug unique Control and Display panel at

the MSS. These may operate either directly upon the affected Tug subsystem

circuitry or may utilize Shuttle Payload computer or Tug internal computer

capabilities. The preference will be to utilize the Tug computer for all com-

puter services which are _vailable to au_on_,ously manage the same f_:ct_on

5
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The specific bit rate requirements are _hown in Volume 5, Section

the Shuttle/Tug interface as follows:

_.2.3 for

Orbiter to Tu_

NASA Colrcmnications

DOD Com::.un i c at ions

2,000 BPS
(Data and Time

Multiplex Commands )

2,000 BPS

(Secure Command Data)

16,000 BPS

(Program Modifying Data)

Tug to Orbiter

25,000 BPS

(Tug/Payload Status Data

and Command Verfication)

16 ,o00 BPS

(Tug/Payload Status Data
and Colrmand Verificat ion)

256,000 BPS

(Payload Secure Data)

FM/FM IRIG

Payload Analog

Instrumentation Data



6 ABORTANALYSIS

An abort analysis was conducted to assess the merits, liabilities and relative

impacts of (1) landing vith full L0 2 and LH2 tanks, (2) dumping LO2 only,

(3) dumping both L02 and LH 2 in sequence, and (_) dumping both L02 and LH 2

simultaneously. Abort from both suborbital (Mode III) and orbital(Mode IV,

V and VI) were analyzed. These options are discussed in detail as part of the

trade studies reported in Section 12.6, covering land full versus dumping

options. The results' of these analyses are reported in the abort analysis

smmary, Section 2._.

The abort analysis discussed below includes:

( 6.1) a detailed sequence list and timeline of the events associated

with cryogen dumping;

6.2) the Shuttle requirements to be satisfied during the dumping sequen@e;

6.3) the flight altitude and time of dumping events versus the dumping

sequence and the cryogen load analysis for these events; and

6._) a delta-V analysis for the impulse compensation necessary as the result

of the propulsive dumping required to sustain propellant settling

on an orbital abort, and an assessment of the potential AV gain

available as theresult of either early or late dumping during main

engine operation.



TABLE . " .6-1

CRYOGEN II;uNDLING

CONDITI ON

Nomnsl Mission

Passivation:

(Before Tug capture)

Vent Jng:

(After Tug capture/

stowage )

LO 2
_m

o Keep residual LO 2

o Vent above 18 psia

o Keep residual LO 2

o Vent above 18 psi_

LH 2

o Flow residual LH 2

through engine down

to 3 psi_

o Vent again to 3 psJa

o Fill with ambient lie

to 26.3 psia

o Vent dewn to 16_I psia

o Vent above 18 p_ia

Aborted _!J'.'sion

Suborbital:

(Mode Ill)

Dump LO 2 to 15 psia:

(i) During engine firing,

20% minimum through

3" abort line

(2) After ET Jettison,

remainder through 3-

inch abort line

]'IomJna]

4 "I o

o Keep LH 2 !n _a;.k ._

o Vent above i8 psia

A.l}.c.r!Lat_.i_v}__SS.UdyO,)tio5 :;

o Dtmu, sequentially

after LO,_ (CG con-

straJnt)'-down to

I]0,," ft through 40_.: '

inch abort ]inc:;

o .DumlL_S_:.m_!_.__:.th_ L._!=!n. 1!::c

Orbital:

(Mode IV,V,Vl)

Dump LOp to 15 psia:
Primary-Method:

(i) During orbital flight,

100% through 2-_nch

F/D port a_d tap to

3-inch abort line.

Alternative (Backup)

Me,hod:.

(I) During orbital f%ight,

_0% through 3-inch

abort line

(2) During reentry glide,

remainder through

3-!nch abort line

Preferred-C)_,tions 2 & _:

o Dump trader vapor"

pressure to 15 psia

o Keep remainder

o Vent above 18 ps!a

o Dump under vapor

prc_ssure to 3 psJ.a

o Fill with _bient t!e

to 26.3 ps_a

o Vent down to 16+_1 p_,;ia

o Vent above 18 ps_a

.A.ltprnacive (_ack_u_)

o Keep l.:il2 .in tank

o Vent above 18 psia
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6.1 Detailed Ttmeltne of Eyents

There. are several abort eondittcms to be tins-lined. The astor abort conditions

e_e suborbital (Node Ill) and orbital (Nodes IV, V, and VX).

_he selected suborbital abort mode is to dump L0 2 and to retain and lsnd vtth

_2" l_efer to the trade stu4ies in Section ,_.12.6 for option time-line

de_iptions for the other alternative options. The L0 2 is partia],ly dumped

(to _ minimum Qd &pprozimately _0_ maxt_m) vhtle the orbiter main engines

m oper&ttM, In ordor to assure C0 coapettbtlity subsequent to External

Tank (IT)Jettison. The remLtntng L02 is dumped dovn to 15 psts during the

I_l£da z_etm petted, The tins-line is shown in _shle ,_ 6.1-1.

O=btt el Abort

The selected orbttel abc:_ technique (for Modes IV, V. or VX) proTtdes settling

t3n_st _th the 0rbtter 01(8 engines, then propulstvelY d_mp L0 2 down to 12 psta

thrm_h the 2-inch LO2 1_111 and drain line and the bypass valve(s) to the

_-ineh L0 2 abort dump line boat-tail exit pert. When L0 2 dump is completed,

e_pstibtltty is ssnred, and the preferred propulstwe LH2 dumping is

accomplished through the 2-inch L_ fill and drain line and the bypass Talve(s)

to the 2-inch L_ abort dump line boat-tail exit port. A backup operatione£

technique is to dump up to _0_ of the LO2 through the 3-inch side abort dump

IXWt _ then dump L_ as sbo_e, and Finally to dump the re:aintn_ LO2 a_ter ET

Jettison and during the _lide return. A second backup mode is to use either

Of the above LO2 dump modes and to retain the L_ to landing.

Essentially the same tt_elines are used for Modes IV, V, and VI abort. A much

loa_er time is a_11able for dumping than for M.,_-- III suborbital abort,

Nodes V and VI differ in the amounts of 0N5 propellants available After boost



Table 6.1-1

Mode III Abort Timeline -- Bet;hEn ta I4eumch Site, Suborbital

tic Orbiter ,oE_ations -- Ab=_ _ sis, In, i,tiation, and
nci. ......

Perf_ Situation Analysis

Make Preliminary Almrt Decisions

Report Status to Ground

Obtain Concurrence vlth F_ _ _ for Abort

Obtain Abort Confirmation

Disple_ Condition/Status/Ahor_ Commend: _ Crew -- Crew will have

a brief period for the abort _ nntification, except in the
time-critical transition fro_ Mode 7TT to Mode IV abort at T+I21

tO T÷126. Reaction time must be very fast to obtain Mode III return
tO launch site when a Mode IV O_.O iE not. yet achievable. Command
oeer-ride for abort is not fessible ed_ this time, but a recheck

may be ccomanded when respc_ne _ /_ sufficient.

£ut_tie Orbiter Operations --£bort

Repro_m Flight Control/G_U _ _ Mode XII

Insert Abort AV Adjustment in Engine Thrust Program

Switch Engines to EPL (I09_} o £ssumiug Engine Failure Precipitated
Abort

Ignite Two OMS Engines and Four RUS X-Axls Thrusters (Orbiter)

-Pitch Orbiter to Retro-Thrust Attitude

Verify Emergency Thrust/Velocity/Attitude per Abort Mode III Program

Change Orbiter Velocity from Ilc_n-Range to Up-Range

Verify Dump/Vent Valve Positions/Status

Activate Abort Dump System

open L02 Abort D_p Valve C3-_ _.e)

Ol_-n Helium Pressurization V=ivc



v_,,_ Lo_, x_ps.ns (A_ _ Av _, _. etc.)

V_Y 20_ Mind.mR to _0_ Max_al LO2 D_ Cmapletion

lt_Xose and VerifY Helium Pr_eam_ss_oR TmI_e Closure

Rec_ose and Verify L02 Dump V_ve Clomu_

Es_l_lish Attitude and G-profile far

F_ am Orbiter Return Fli_C _ am £L_priate for
Abort Mode III

Open Helium Pressurisation Vs_ve

v..i Lo2  i=g.

Monito_ LO2 Tank Pressure

At 15 psia LO2 Tank Pressure, Retinae an_ Verify Helium
Pressurisation Vm£ve Closm_e

Reelose. and Verify L02 Abort Dump VaIve

Monitor LO2 Tank Pressure and Ve_t /_ave 18 psia dovn to 16 • 1 psta

Monitor L_ Tank Pressure and Vent Above I8 psia dovn to 16 • 1 psi&

Note: Interlock Vent Contr_ to Avo_ Simultaneous Venting



to different altitudes and inelunations. These do not appreciably affect the

abort operations. There are about 105 _Luutes 4n a Mode IV Onee-Around-0rbit

(OAO) abort, of vhich at least 90 minutes are available for d_ping cryogens.

The later Nodes V and VI have many orbits and are not time constraining, as

they alloy essential_ normal mission Orbiter operations. Relee_e of the Tug

may be possible. The t_nel4ne for these abort modes is shorn in Table 6.1-2.



Table ,,6.1-2

D

Nodes IV, V, and VI Abort ?imel .ine ---Orbital

Automatic ..orbiter operations -- Abort _sis_ Initiation .and
8equenein_

Monitor Orbiter and Tug Mtssicm - Critical Functtous and

F1J4_t Data During Launch

Perform Situation Analysis

Make Preliminary Abort Decisions

Report Status to Ground

Obtain Concurrence with Flight Da_ Base for Abort

Obts/n Abort COaflr_tion

Di_ Condition/Status/Abort Cou_md to Crew (mNote 1)

Autmatie .Orbiter O_erattons -- .Abort

Reprcqpma Fl£_h_ Control/GNC to Abort Nodes IV, V, er VI
(areas1 alssloa for V° VX )

Insert Abort AV Adjustment in ln_lne Thrust Pro_

8viteh _tnes to EPL (100_), Asmmi_ Zngime Failure Pre-

cipitated Abort

Y4pLtte Two OMS Engines and Four RCS X-Axis Thrusters (orbiter)
for Node IV (not required for Modes V and VI)

Verify Emergency Thrust/Velocity/Attitude per Abort
Nodes IV, V, or VI Program

Verif_ Dump/Vent Valve Posltlons/Status

Verif_ _S Engine Thrust for Cryosen Settlimg

Ac_tvste Abm-t Dump System

Open LOo Abort D_p Valves (2-tnah fill sad drain _ 3-inch aft
abort l_nes)

Open Helium Pressurisation Valve



Table ', 6.1-2 (Cent)

Verify LO2 Dumping. (AiV or _Y readout, visual, etc.)

Monitor LO2 Tank Pressure

At 15 psia L02 Tank Pressure, Reolose and Verify Helium
Pressurization Valve

Reclose and Verify L02 Abort Dump Valve

Durtn_ this Sequence, Interrupt Dumpt_ 30 Seconds Before ET
Jettison and Resume Dumpin8 30 Seconds After ET Jettison

Monitor LO, Tank Pressure and Vent Above 18 psia Down to
16 ,_l psil

Open LE2 Valves to Fill and Drain and 2-inch Aft Abort Lines

The Follo_ln_ Operations A_I_ to Tug Options 1 and 3I 0nlv:

Dump LH2 Under Vapor Pressure to 3 psia

Re¢lose LE2 Valves and Verify Closure

Open Helium Pressurization Valve

Monitor LH2 Tank Pressure and Fill with Helium to 26.3 psia
(or to Tank Relief Vent Pressure)

Reclose Helium Pressurization Valve and Verify Closure

Open LH2 Valves to Fill and Drain and 2-inch Aft Abort Lines

The Follovln_ Operations Apply to All Tu_ Design Options:

Dump _ Under Vapor Pressure to 16 __ 1 psia

Reclose LH2 Valves and Verify Closure

Monitor LE2 Tank Pressure and Vent Above 18 psia Down to 16 + 1 psia

eNote 1: Crew wtll have a brief period for the abort command

notification° except in the time-critical transition
from Mode III to Mode IV abort at T+121 to T+126.
Reaction time must be very fast to obtain Mode III ret'_n

to launch site when a Mode IV OAO is not yet achievable.
Command over-ride for abort is not feasible at this time,

but a recheck may be :===anded when response time i:
sufficient.



Table _ 6.1-2 (Cont)

lore 2:

lore 3"

e

fete M:

Interlock vent controls to avoid simultaneous dumping.

An alternative LO2 dump mode i8 to dump up to _0_ through

the 3-inch LO2 abort line (bottom port ) rather than the
aft 2-inch fill and drain line tap to the 3-inch aft

abm-t line port. In this event, the remaining LO2 dump
to 15 _ psia is accomplished after reentry during glide
:_turn.

An alternative LH2 dump ,node i8 to keep all LH2 in tank
e:d only vent above 18 psta.



6.2 Shuttle Re_ulrements

The Shuttle requirements placed upon the 'tug operation are principally descrihod

by NASA Document JSC-077000 Volume XIV, Space Shuttle System Payload Acco_od%-

tlons. For example, the CG profiles shown in Figures , 6.2-1 and 6.2-2

represent major constraints upon the Tug design and operations. These apply

when the ET is Jettisone_ and the Orbiter is in sensible atmosphere, generallx

considercd below h00,000 ft, in the aerodynamic flight regime. Specifically,

these apply in h.vpersonic and subsonic, but not in supersonic fl_ght. Safety

dictates that CG compatibility be achieved before the unstable flight regime

is approached, however. Furthermore, a condition where failure to dump cryogcn_

would result in unsafe flight should be avoided. Two methods are provided for

dumping a minimum of 20% of LO 2, Which is sufficient to assure CG compatibility

for reentry and landing.

The Shuttle also requires discrete valve status signals and time-clock inputs

to compute the cryogen inventory during dumping. In particular, the_h0%

orbital LO 2 dump in the Alternative (Backup) Method must be computed for valva

reclosure to prevent unporting and a sudden drop of pressure, which if not

recovered could cause a risk of L02 tank implosion at low altitude. Iu the

selected Primary Method, the aft 2-inch LO 2 fill and drain line port is used,

and unporting cannot occur during propulsive dumping. The latter method is

also used for orbital LH 2 dumping, through the fill and drain line port and

unporting is not a potential problem. Suborbital dumping has a requirement

for computing LO 2 inventory for partial dumping of 20% to h0%, but this wide

range allows the data and the computations to be very gross,

New Shuttle Re0uirements

The selected, abort dumping system requires a fixed 3-inch LO 2 abort dump line

from the lower right aft cargo bay bulkhead to the lowe_' right Orbiter boat-t_._!,.
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and a similar 2-inch LH2 abort dump line (for orbital abort) from the lower

left aft cargo bay bulkhead to the lower left Orbiter boat-tail.

6.3 Altitude and Time Analysis

The altitude of the Orbiter is shown in Figures .6.3-i, _ 6.3-2, 6.3-3,

and 6.3-_ for suborbital Mode III aborts as a function of velocity. Insuf-

ficient data was provided to obtain an altitude versus time profile for these

trajectories, which were revised extensively during the study. Information

on normal trajectories was referenced by NASA documentation as IL-SSS-393-:_00-73-C4_,

"Baseline Ascent Trajectories for the 150K Orbiter Configuration," dated

February 1_o 1973, but this information was also withheld from this stud>.

Earlier information indicated that at least 105 minutes are available on a

Mode IV abort to a once-around orbit. This is the shortest orbital abort, avd

the time available is far greater than the time required for 100% dumpin_ of

_th LO2 and L1B. Mode V is a transitional abort and is virtually identical,

time-wise, to a Mode VI normal mission orbital abort. Thus the missing

information is not considered relevant to constrain the time-lines.

Sun,,nri_,s of abort modes, associated flight periods and the abort response

aetion_ permissible are shown in Table 6.3-1.

The time available for the most recent abort profile data (July 5o 1973),

the altitudes, the associated mission times, the x-axis accelerations (_x)

and the z-axis accelerations (Nz) are listed in Tables 6.3-2 and : 6.3-3.

The ti:;_ periods during which stable and variable (stable-plus-varying)

accclerations are sustained for cryogen settling are also shown.

An abort time summary is presented in Table . .6.3-}. for either LO 2 or LH 2,

for the early or late abort from either a 40,000 ib polar or a 65,000 ib

easterly mission.
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A plot of the cryogen load and center of gravity (C.G.) shift during dumping

is shown on Figure 6.3-5. This was originally derived to illustrate the cases

of sequential dumping• However• the complexity of alternating the L02 and LH 2

dumping sequence and the weight penalty on payload capability led to the

reco_endation that only LO2 be dumped during a suborbital abort.

Combining the trajectory vs. time data from Figure 6.3-4 and the C.G. constraints

from Figure 6.3-5• a safe timeline was devised to provide the Orbiter/_V benefit

of early dumping, the C.G. constraints to assure aerodynamic stability and landing

control as early as possible, and a 100% release of LO 2 will before landing. This

recomended abort mode is shown on Figure 6.3-6. The LO2 dumping is inter-

rupted for 60 seconds as indicated to allow for main engine cutoff (MECO) and

external tank (ET) Jettison and a 30 second margin before and after this event,

known as MECO _ 30.

The LO2 dumping sequence is shown on the trajectory curve in Figure 6.3-7.

The same time periods are required for dumping LO2 (635 seconds total) for the

trajectories shown in Figure 6.3-1• -2• and -3. IIowever• in each case, more

time is available from the abort decision to MECO - 30. Therefore• as it is

recommended to initiate dumping as early as possible; these trajectories will

allow a greater degree of completion prior to MECO - 30.

This analysis is based on the worst-case data for Tug Design Option 2, which

requires 635 seconds for 100% LO 2 dump. The differences in LO 2 inventory result

in equivalent times for L02 dump of 505 seconds for Tug Option i and 31 (Initial)

and 530 seconds for Tug Option 3F (Final). In each case the dump is suspended

at hO% dump level, which occurs at proportionally earlier times. The event

schedules are shown in Table : 6.3-5 for comparison.
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Table 6.3-5

ABORT EVENT SCHEDULES

TUG OPTION 1 2
3I ...... _F 1

L02 ABORT LINE SIZE 3 inch 3 inch 3 inch 3 inch

TIME FOR i00_ LO2 DUMP 505 sec 635 sec 505 sec 530 sec

DUMP INITIATION (WORST CASE) T+251 T+251 T+251 T+251

DUMP SUSPENSION T+_53 T+505 T+_53 T+b63

MECO

DUMP RESUMPTION

T+560.9 T+560.9 T+560.9 T+560.9

T+591 T+591 T+591 T+591

DUMP COMPLETION

TIME AT 50,000 FT

T+89_ T+972 T+89_ T+909

T+986 T+986 T+986 T÷986

TIME AT LANDING T+iRhl T+I2hl T+12hl T+12hl



_ 6.h Delta V Analysis

Two aspects of abort delta V were examined. The first is concerned with the

delta V produced by the propulsive dumping which is necessary to sustain pro-

pellant settling in an orbital zero-g abort. The second is concerned with the

potential delta Y gain which is achievable _ythe Orbiter by early Mode Ill

abort dumping after as much of the Orbiter wieght has been depleted as possible;

hence, after External Tank (ET) propellants are exhausted and the ET has been

Jettisoned to achieve the highest delta-V gain

Delta V Compensation in Orbital Abort of LO2 and LH 2
L_

Addressing the first aspect, delta V compensation in an orbital abort, the

potential solutions all require that the propulsive effect expressed by Orbiter

delta-V be negated. Potential solutions are (i) reduced thrust fro,, the _4S.

RCS x-axls thrusters, or the main engines. (2) reduced thru_tinE time by the

OMS. RCS x-axis thrusters, or the main enginesq (3) rotation of the Orbiter

during cryogen dumping to retro-thrust for a time equal to the forwsrd thrust



ti:::e, using the cryogen expulsion force, (_)yaw to +90 ° and to -90 ° to provide

equal nnd opposite thrusting forces and times, (.5)dump Tug cryogens before

the OMS or the main propulsion system (MPS) burns, (6) dump Tug cryogens

during OMS and/or MPS burn, (7) interrupt OMS and/or MPS burns to save sufficient

propellant and adjust the delta V with a shorter final burn duration, or (8) use

a computed abort delta V to bias (shorten) the OMS and/or MPS burns and thus to

compensate for abort delta V. It should be noted that these solutions use

either (i) a "thrust-spoiling" or counter-reactive negation technique, or (2) a

"compensation" technique in connection with major propulsion systems and in

these cases, excess cryogen is Jettisoned with the ET in the cases of reduced

MPS burns or is dumped before reentry in the cases of OMS burns. It should be

emphasized that the OMS burn adjustment therefore only transfers the problem

from Tug to Orbiter, and thus represents no real solution.

The propulsive abort dumping delta V problem applies only to orbital abort

pri_rily due to the more precise reentry velocity and time constraints from

orbit. The plan to dump during main engine burn will minimize the problem

for a suborbital abort, and adjustment of velocity is more readily accomplished

tO compensate for cryogen dumping.

J

J

The dumping delta V problem, discussions, and conclusions are characterized

for a once-around-orblt (OAO) Mode IV abort as representatige of all orbital

abort modes•

Delta V Compensation for Once-Around-Orbit (OAO) Abort Dumping

This discussion represents an operational solution to a problem raised by an

action item question and a NASA response, quoted below. The NASA response

reflects one solution to the potential problem• Iiowever, it is very co:Jst_'_,i_ir_g

to lJnit abort dumping to the Orbiter thrust period alone, and other option._

_ve b_en _xaminf_d.



/

Reference: NASA-MSFC Memorandum PD-DO-DIR-73-57, dated June 7, 1973, extract :

'_ction Item 2: Can Tug propellants be dumped in the X axis of the Orbiter

to provide propellant settling during the once around abort (OAO)_mode?.

]_sponse: In discussions with JSC we were told thatthe OAO abort trajectory

after Orbiter thrust termination is critical and may not be able to correct

for any AV resulting from propellant settling thrust and Tug propellant dumping.

JSC therefore requested that any Tug propellantdumping durin_ an OAO abort

should be comp3eted before Orbiter thrust termination so that the AV imparted

by the propellant d_aping can be corrected_'

Alternatives

1. Reduced thrusting forces fr_OMS, MPS, or RCS (x-axis).

2. Reduced thrusting mime for OMS, MPS, or RCS (x-axis).

3. Rotation to 180 ° and retro-thrust.

h. Rotation to .90 ° and -90 ° and counter-thrust.

5. Dump before OMS, MPS_ or RCS burns.

6. Dump durlng OMS, MPS, or RCS burns.

7. Interrupt OMS, MPS, or RCS burns and adjust AVwith final burn duration•

8. Use a computed abort AV to bias the 0MS, MPS, or RCS burn and thus com-

pensate for abort dump AV.

Analysis

i. Thrust management of OMS or MPS during the late burn period is more effective

than early adjustment, due to the lower total weight. A more accurate

result is obtained by adjusting the total thrust (abort dump thrust plus

primary propulsive thrust) to match the programmed flight requirements.

The best alternative is to reduce MPS or RCS rather than OMS thrust level,

so the unused propellant is either Jettisoned (MPS) or returned (RCS),

assuming either OMS burn or propulsive dumping is baselined for an aborted

mission•

_--_/ . ,_,,



2. Thru:;t-time management of OMS, MPS, or RCS is similar to alternative No. I,

and is effective to the same degree. The programmed total thrust tech- _-/

nique, however, must be changed to a progralned total impulse technique using,

accelerometers and a clock, to determine delta V and to match the programmed

orbital abort flIEht profile. Again, it is best to use MPS or RCS as the

adjustable propulsion energy source, depleting OMS propellants completely.

3. Retro-thrust management represents some control complexity and relies on

computed delta V, using acceleration and time as inputs, as the control

_lable. This is an effective method if it is operationally acceptable

to the Orbiter.

_. Left and right yaw thrust management is the same as alternative No. 3 in

most respects. It can be used to effect any desired cross-range adjust-

ment, as well.

5. Dump before MPS burn is not practical, since MPS burns from launch. O_IS

burn is started later, and could be delayed. However, the dumping time

for LO 2 and LH2 would usually exceed the OMS ignition delay time and the

dump would be at least partially concurrent with OMS burning.

6. Dump during MPS and OMS burn is possible; however, a Mode IV abort is

inltiat_,d from T+253 to T+330 seconds, a Mode V from T+330 to T+490 second_,

and a Mode V_ (normal mission orbit) after 550 seconds. Considering the

delta V problem for orbital abort only (Mode IV or later), it is evident

that a limited time is possible for a programmed simultaneous MPS burn

with the T+256 Mode IV abort initiation. A variable amount of excess pro-

pellant is available for later burns and the dumping of Tug cryogens can

be compensated by retaining an equivalent amount of potential delta V in

the _PS propellants stored in the ET. It is noted, for example, that the

normal mjR._nn insertion in Mode VI i_ mad_ v_th about 4,500 Ib of cryo_._ _/

propellants in the ET. In a total dump of Tug LO 2 and LH 2 on orbit,

l- z-



53,000 lb or more of cryogens are dumped, and an equivalent amount of ET

propellant retention must provide about 58,500 lb-sec of reduced thrust

for Option 2. This delta V compensation is 9.42 fps of Orbiter velocity

gain, based on a 200,000 lb Orbiter with payload..

The main engines consist of three 470,000 lb thrust units (1,hlO K ib total)

for normal thrust to orbit, or two engines may be operated at 512.3 K ib each

at 109% EPL (1024.6 K Ibtotal) for abort thrust to orbit. Therefore, with

either normal thrust or emergency thrust, the thrust time reduction is

0.0_1 or 0.057 seconds to compensate for later propulsive cryogen dump

delta V from Tug tanks. Calculation shows that 132.2 lb of MPS propellant

is equivalent to 100% Tug cryogen dumping.

Delta V trimming is much simpler with OMS, if nonpropulsive OMS dumping is

available, and the two 6,000 Ib OMS thrusters would be operated for

4.88 seconds less time and would save 0.9_% of inventory.

We

The four 900 Ib RCS aft x-axis thrusters would reduce RCS operation time

by about 16.3 seconds of net aft thrusting time to compensate for 100%

Tug cryogen dumping.

The discussion under alternative No. 6 incorporates the data to define

either an interrupted OMS or an interrupted MPS burn. The difference lles

in the option to interrupt earlier, then to compute the necessary time,

thrust level, and engine selection for a reduced later OMS or MPS burn

after Tug dumping has been completed. Computation of the delta V gain

from acceleration and time measurements to determine a reduced remaining

delta V desired would then establish a new burn profile for the crew or

Orbiter propulsion management system.



. Dzc a computed abort delta V to bi_s the OMS, MPS, or RCS burn and th_:;

compensate for abort dump delta V. This is a pre-fiight computation. This

is _ refinement to alterm_t_ve No. 7 and should be adequate to avoid inter-

ruptcd burning for abort delta V compensation. This computation is based

on a known weight of cryogen, a known helium pressure, and a known abort

dump line di_Leter, thus yielding a known propulsion energy and thrust.

If the abort dump initiation time and duration are know,n, the mass of the

Orbiter will b_ known and the delta V can be calculated. For each particular

misz_on, the tots/ mass of Orbiter plus Tug plus payload will be known.

Abo:,'t dumping after ET Jettison therefore will impart a delta V which will

be }_nown before mission launch. A brief reduction of MPS, OMS, and/or RCS

bu_n_ can be established before launch and progrsmmed into the engine con-

trol system. The simplicity of this method leads to a reeommer_dation that

it be incorporated in the operational technique for the mission.

C o[Rp_!t,_t_,u,nof Abort Dump Delta V Compens_._tio____n

g_.I W
AV = sIL-_-

%'%rb

Requir_:d Total Negative Impulse = Total Tug Dump Positive Impulse

= 25 ib x i,I00 sec for LH 3

+ 50 ib x 620 sec for LO 2

= 27,500 + 31,000

= 58,500 lb-see

AV = g x Imnulse = 32.2 x 58,500

Worbiter 200,000

= 9.42 ft/sec = Orbiter AV

I



RCS Compensat lo_n

h x 900 ib thrust = 3,600 ib total RCS thrust available

Total impulse available = 2,806 Ib x 289 second Z = 810,93b Ib see
sp

Usec 58500/810,93M = 7.2% less of the RCS inventory or 202._ lb less
of 2,806 lb total. This is a desirable gain _

Thrust time duration -_ = 16.2_ seconds less time

3,600

Additional Conunent ary

MPS, DrY, RCS burn times were computed for Orbiter Mass above.

value are correct as shown for burns after ET Jettison.

OMS and RCS

Since MPS burn occurs while the ET is on board, the mass should be with the

empty ET plus 50% of the necessary &V propellant in the Er. This provides for

a MPS burn that is shortened in duration.

4

Since Orbiter AV = 9. _2 fps, calculate reduced MP8 time from the total MP5

thrust and average weight:

ApproxWPROP
l

(WOrbiter * WpL. ÷ w 0p/2 
, , = = ,

gxI
sp

B 9.1_2 (1.55+ 78 + '_"'o.1) klb

32.2 x h!_2.5

9...1o2 x 2.88.1 x 1000

32.2 x _,_2.5
m

Exact WpRop = 9._2 x _288.09_ x ZOO0 = -.--__190"5lb
,,m.._mmame

32.2 x _2.5

This is comparable to the value of 132.2 lb computed previously from Orbiter

weight alone, and applies to Alternatives #2 and #8. If an interrupted burn,

Alternative #7, is used, more propellant viii be expended for an earlier in-

terruption period, because the _V gain per unit of expended propellent is less

and must be made up later. ' .



),I)>_; (om_ens-tt_ on

Three engines at normal thrust for i16 see:

3 x h70 K ib x 116 - 163,560 K lb-sec

Two engines at EPL (i09_) for 512 see:

2 x 5].2,3 K lb x 512 = 52h7595 K ib-sec

Orbiter Total Inventory = 688,155 K ib-sec

Ext(,rnal Tank (ET) holds 1,555 K Ib of propellant (usable):

= 688,155 K ib-see thrust
Then specific impulse Isp 1,555 K ib propellant

= 4h2.5 seconds

W.... AV X W
'J','.,"' = ORB

I xq
sp

m 9. 2 X 2°0,,0oo =
h42.5 x 32.2

132.2 ib of ET propellants

Thi_ is 132.2 =

1,555,000

0.0085% of the ET inventory

Orbite_- burn durations are computed as follows:

Th:'ee engines @ 100% Normal 58,500 = O.0hl sec

I ,I)lO,000

Two en::ines @ 109% FJmergency 58)500

i ,024,600

OMSCo_Den_atJon__

AvP_o_ = 9.h___[2=

AVAvAI L i000

= 0.057 sec

0.94 % of total OMS inventory

2 x 6000 ib thrust = 12,000 ib total 01_ thrust

Thrust time duration = 58,500= h.88 seconds

12,000 ib

J

/



i_eit:L V i_L:t,,_l'itDue I,o ,';uborbital Abort Dump'During Engine Operation

Ob.)_ct[vc. Azsess the effect on AV as a result of dumping LO 2 during the

main engine burn period after SRB Jettison in a suborbital abort Mode Ill.

As:;ume for this analysis that IX)2 dump is compatible with engine burn and

that appropriate lines are available for such dumping.

Analysis. Two of the three main engines are assumed operable during an

abort. These produce 2 x 470K lb. of thrust and are operated at EPL of

109% of nominal thrust, or 109% x 470K = 512.3K lb. each and 102h.6K lb.

total. Two 014; pods will also be operating at 6K lb. thrust each. Total

thrust, then, is i02h.6 + 12 = 1036.6K lb. The weight schedule as a

function of launch events is shown in Table 6.h-|.

Table 6.h- |

SHUTTLE ASSEMBLY WEIGHT DATA

Ascent Weight Orbiter Ext. Tank SRB Total

Liftoff (T - 0)

Pre-SRB Sep (T + 115)

Post-SRB Sep (T + i16)

Pre-E_ Sep (T + 628.2)

Post-ET Sep (T + 629.2)

207K 1633K 2327K h167K

207 1280 309 1796K

207 1280 - lh87K

207 78 - 285K

207 - - 207K

Orbiter P/L Cryogens Total

Orbiter Landing (T + 1343)

Empty Cargo Bay

Min. Tug/PL Wt

Mod. Tug/PL Wt

Mod. Tug/PL Wt

155K - - 155K

155 25 - 180K

155 33 - 188K

155 25 8 188K



Avcr:tt:inL; th(_"wei_-,ht at the beginning and end of thrust gives a value for

_V ,-:LIcu:L_Ltion.

Optiou i has h3?h6 lb. LO 2 and 795h lb. LH 2 (51,700 lb. total).

Option i (Rev.) has 50,850 lb. total at 5.5:1, or 43,027 lb. LO 2 and

7,823 lb. LH2.

Option 2 has 55,500 lb. total at 6:1, or h7,571 lb. LO 2 and

7,929 lb. LH2.

Option 3 has 54,450 lb. total at 5.5:1, or 46,073 lb. LO 2 and

8,377 lb. LH 2.

A 3 inch line will drain 7655 lb. of LH 2 in hlO sac @ 18.67 ib/sec_ or

1,5,930 lb. of L02 in 630 sec@ 72.90 ib/sec. A 5 inch line will drain

7655 lb. of LH 2 in 130 sac @ 58.88 ib/sec; or h5,930 lb. of LO 2 in 200 sac

@ 229.65 ib/sec.

Assume an early Mode III abort initiated at T + 121 sees., h0K lb. solar

flight.

Case i
Dump LO 2 only (assume an aft 3-inch line) 630 sec in 3 inch

line, (507.2 sec during burn)

Initiation: T + 121, I036.6K lb. thrust, IhSTK lb. wt.

OMS burnout: T + 2h9.3, 102h.6K lb. thrust, l17h.2K lb.

Main engine burnout: T + 628.2, 0 thrust, 285K lb.

_V =
g IT _ 32.2 x (128.3 x I036.6K)

WAV G (1487 - 1174.2)/2

+ (378.9 x 102h.6K) x 32.2
(1174.2 - 285)/2

AV I = 32.2 x 1330.6K128"3x I036.6K + 378.9 x I02h.6K728.6Kx 32.2

= 3218.h + 17,157.2

= 20,375.6 fps if no LO 2 has been dumped.



Now c-_lculate the effect of LO 2 weight reduction by dumping:

72.9 lb/sec x 128.3 sec
LO 2 dumping reduces average wt. by 2

= _626.5 ib (avg)

1330.6K ib to 132h.0K ib during the first period and by

72.9 ib/sec x 378.2 sec
2 = 13,810.9 lb (avg) from 728.6K lb to 71_.8K

during the second perlod.

1330.6 _ 17_88._ 20,722.8 fps_V 2 = 3218.4 x_ + 17157.2 = 323h._ + =7Z4.8

Therefore, the change in velocity (_V 2 -_V I) due to dumping the maximum of

36,87h.8 lb. of LO 2 after SRB Jettison and before main engine burnout through

a 3-inch line is computed to be from 20,375.6 fps up to 20,722.8 fps -- a

potential change of 3h7.2 fps or about 1.7%.

Note: A 2-inch line is provided for vertical fill/drain. The 3-inch abort

dump line is for sub-orbital dumping.

The total LO 2 dumped during main engine burn, therefore, is 9253 ib + 27,621.81b =

36,87h.8 Ib, or about 85.7% for Option i, 77.5% for Option 2, and 80.0_ for

Option 3. These values of dumping are not available through the side 3 inch

abort dump port without unporting (this occurs at about 45% max.). It is therefore

assumed for this analysis that a switch to the aft L02 port is made at 40-45_

L02 dump to fully utilize the main engine burn period.

A late mode Ill abort will occur when much less propellant is in the External

tank but has less effect on velocity gain due to the smaller average weight

reduction during burn.

The conclusion is reached that a small but significant delta V is available

for early dump during main engine burn, and the greatest gain is obtained from

dump initiation immediately after the abort decision is made.



7 OPEI_A"IONAL COMPLEXITY

7.1 Methodology

Operational complexity may be defined as the number, duration, criticality

and ease of completion of the combined events or functions that must be per-

formed on the ground in order to accomplish the required Tug missions. Greater

capabJlity Tugs have increased complexity by virtue of their ability to perform

payload retrieval through the addition of rendezvous and docking capability.

The ability to handle spinning payloads _d service orbiting payloads are

further examples of added complexity due to increased mission capabilities.

Low p,_rformance Tugs incur greater complexity by needing kick stages to

achieve otherwise impossible missions. Autonomy level has a significant effect

on complexity since it determines the proportion of events accomplished on the

ground versus those performed on board the Tug. Complexity is also related

to the number of critical events because contingency means must be provided

for failure to successfully accomplish each critical event. Complexity in-

creases with mission duration capability since a larger number of events are

performed over the longer orbit stay times.

Evaluation of operational complexity does not readily lend itself to qv_ntita-

tlve analysis. A qualitative examination of the applicability of the factors

affecting complexity to a specific configuration is considered the most suitable

approach to complexity assessment.



• hc Option 1 Tu_ is a low performance capability configuration having no

retrieval capability. As a result, complexity is low due to having no rendez-

vous, dockin_ or spin-up capability and having only a three-day mission

• Ira_ion capability. On the other hand, the need for more kickstages and" the

low autonomy level (IV) contribute to a higher degree o_ complexity. The

number of critical events is low because of the limited capabilities and short

mission duration. Overall, the oporation_l complexity of Option i is con-

sidered low.



8 Nk'YWORK/COr :MUNICATIONS RE_UIRtMEN_

Subsequent to Concept Selection the COR directed that tracking and communi-

cation network costs be removed from the flight operations cost estimates

and that network utilization requirements in hours be calculated instead

for both the 15 station ground net and a 5 station TDRS net.

Since this determination requires timeline information it was necessary to

base the calculations on the four reference missions for which timelines

have been developed. Computations were made for each reference mission

based on the following groundrules :

ae Each main engine burn requires three ground contacts, i.e., uplink

state vector update, do_ulink readiness report (with uplink burn

enable or denial) and post burn downlink report. The times

allotted for these contacts were 1, 2, and 2 minutes respectively.

b. During long coast periods a Tug status report will be required

every 8 hours. This contact will require 2 minutes.

ee Ground tracking for orbit ephemeris determination is estimated to

require a 3-minute track by each of 4 stations separated by at

iea_L a quarter -_ .... t. S___. _ q_,rm_nation -'_

required prior to each main engine burn.

de Other contacts required during payload deployment_rendezvous and

docking were determined from the timelines. These consisted

m_inly of uplink sequence initiation and post operation repot'ring.

Using these groundrules, the mission timelines and th_ orbit profiles,

calculations were made to determine the number of passes and contact times

required for each reference mission, below and above 5000 _4 for each of

the option/configurations. Option I and Option 3 Initial are the same

while Option 2 and Option 3 Final are &Iso alike.

Using the number of missions of each type for each option derived from the

mission capture analysis, the total number of passes and contact times for

each mission category was c_Iculated. Combining the mission category

tocais produced a grand total for the complete programOptions i, 2, 3



Initial and 3 Final. Since these are estimates of requirements, they are

independent of the network considered and will be the same for the 15-

station ground net, the 5 station TDRS net or the AFSCF net.

A sugary ofnetwork utilization requirement estimates are shown on

the following ps_es.



\\

NETWORK OPERATI0_S REqUIREMERTS

GEO-STNCHRONOUS MISSION (REF MISSION • )

PER MISSION

BELOW 5000 KM

NUI_ER OF PASSES
CONTACT TI_ (IN MINUTES)

ABOVE 5000 re4
CONTACT TI_

NU_._]EROF MISSIONS

TOTAL NU_._ER OF PASSES

TOTAL CONTACT TIME (IN MINUTES)

PTJUIETARY MISSIOH (REF I,fISSION 7 )

•PEI_ MISSION

BELOW 5000 KM

NU_ER OF PASSES
C0hTACT TIME

ABOVE 5000 KM

%_%JA01 £_%_ & L _.6.ai,i

NU,MBER OF MISSIONS

TOTAL NUMBER OF PASSES

TOTAL CONTACT TIME

HIGH I:ICLINATION ELLIPTICAL MISSION

(Pro.? :,qssIOnE )

BELOW 5000 _!
!iUVBk'ROF PASSES

COIiTACT TIME

ABOVE 5000 KM
COIITACT TIME

NUMBER OF MISSIONS

TO'rAL NU,'.IBEROF PASSES

TOTAL CONTACT TIME

Option I

29
70

_9

113

3277

13h_7

37
89

19

21

777

2268

28
68

1,5

56

1568

6328

Option 2,
I

29
70

_28

lo5

30h5

20790

37

89

19
.!

518

1512

28
68

57

57

1596

7125

Option
Initial

i

29
70

_9

82

2378

9758

37
89

19

16

592

1728

28
68

"_5

22

616

2h86

29
70

128

131

3799

25938

37
89

28
68



NE_"dORK OPERATIONS REQUIREMENTS

(Continued)

surfs,mc_Ro.ous POLAR MISSXO_
(REF MISSIO. i )

PER MISSION

BELOW 5000 KM
NUMBER OF PASSES

CONTACT TIME

NUI._]EROF MISSIONS

TOTAL NUMBER OF PASSES

TOTAL COI_TACT TIME

/

GRA_'_DTOTAL NU_._ER OF PASSES

GRAIID TOTAL CONTACT TIME (If! _iIInJTES)

Option 1 Option 20_t!on3 7 [
-Initial Finall . ]

31

7h

32

992

2368

31
7h

1,5

1395

3330

31
7_

i0

310

7_0

31
7_

_8

1h88

3552

6937

36513



9 GUIDANCE UPDATE ANALYSIS

Analyses of the O_tdance Nav_ation and Control (GRC) subsystem were made to

determine placement accuracies at synchronous altitude. The analyses included

the effects of the navigation uncertainties of the ground tracking system and

the guidance errors accmnulated during each of the main engine burns.

The ground tracking accuracy was analyzed by Aerospace Corporation usi_ a

digital computer simulation based upon the current range tracking accuracy of

the STDN and SGLS equilment. The simulations established a need for four ground

contacts in low earth orbit to determine navigation parameters of sufficient

accuracy to accomplish the synchronous deployment ,Ltssion. After four station

contacts in lov earth orbit, the navigation _acertainties were as follows:

Radial

In Track

Cross Track

Postion Velocity

(_t) (_Izec)

61o 3.0

30_o 0.6

610 0.6

An analysis of the ground station coverage was ,rode to determine the number

__ .... . .o

The followt_ stations were ass_ed in the analysis.

MIL -Mila ACN -

TAN- Tanamarine BUR-

HAW- Hawaii QUI -

GDS - Goldstone AGO-

ROS _ Rosman GW4_

BDA- Bermuda

Ascension

Johannesburg

Quito

Santiago

Gum

The results are au_arized in Figure 9-1 and Table 9-1. The time scale

origin is at Shuttle lift off, Based on the navigation analysis, the earliest

opportunity for the phasing orbit burn is approximately one hour and forty

minutes after launch. Depend$_ on the longitude of the payload deployment,

the first burn can be as late as 21 hours and 5 minutes.

Availability of tracEt_ stations for the transynchronous orbit was also

investigeted. For t_s analysis only tke filre stations were utilized:



C_OK- Vandenberg

GWM - Guam

BOSS - New Hampshire

IOS - Indian Ocean

IIULA - Hawaii

Because the destination to geoaynchronous altitude can be arbitrary, arrival

longitude was made a variable parleter. Figures 9-2 through 9-6 show

the tracking coverage for each of the five stations. Figure 9-7 shows

the total cover_e for all stations. These data were generated from an

MDAC computer program called Trajectory Simulation Manual Program AD77.

This program vas originally developed as an analysis aid for SaturnSS-IVB

stage preflight and post flight simulations. Results show that complete

coverage is available after about 75 rain. during the ascent. With continuous

coverage available after 75 minutes, the navigation accuracy is as follows:

Radial

In Track

Cross Track

Position Velocity

(ft) (f_/sec)

533 .189

3261 .130

152_5 1.250

The guidance error sources are _arized in Table 6.9-2 and are based

upon present strapdown hardware technology. The gyro errors are based

upon unealibrated drift rates which can be reduced considerably if the

_ro is calibrated prior to the Tug launch. This error analysis is also

based upon utilization of the star trackers for an attitude update prior

to each main e_ine burn. The placement accuracy sensitivities to these

error sources are s_aarised in Table 9-3 which indicates that

accelero_etera are the major source of error. The errors are based upon

uncorrected targeti_ data.

Table 9-_ summarized the total placement accuracy for both the uncorrected

•nd _urrected cases. The corrected placement accuracy is based upon re-

targeti_ of the final insertion burn using the navigation update durin_

the transynchronous orbit. Both cases are well within the specified

placement accuracies.
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Table 1.9-i (Page i of 2)

TRACKING STATION COVERAGE

(for 28.5 ° parking orbit)

Acquisition Loss
of of

Signal* Signal* _t

HR:MIN HR:MIN MIN

Station

0:00

0:32.15

I:13.31

I: 23.82

i: 30.96

i: 31.25

1:35.69

1:hg. 68

2:0.93

2:5.89

2:47.10

2: 57.31

3:5.51

3:39.16

3:50.30

3:St:,.15

4:22.30

4:I_5.06

_:55.61

5: 7.hO

5:5_. 47

5:39.90

6:42.33

7:9.88

7:15.o2

7 :56.28

8:25.2h

9:58.56

O: 2.8h 2.84

0:36.82 h.660

1:17.25 3.943

1:27.15 3.331

1:36.0h 5.079

1:3h.06 2.81o

1:37.65 1.954

1:55.67 5.990

2:7.56 6.642

2:ii.i0 5.216

2:51.90 4.800

3:0.89 3.585

3:9.00 3.h96

3:44.92 5.751

3:57.06 6.755

h: 0.80 4.650

4:28.96 6.658

h:51.07 6.011

h:59.56 3.951

5:12.75 5.552

5:41.18 6.712

5:1,5.91 6.006

6:48.70 6.367

7:16.65 6.769

7:21.77 6.750

8:3.05 6.774

8:27.94 2.703

I0:4.52 5.957

MIL

TAN

HAW

GDS

MIL

ROS

BDA

ACN

BUR

TAN

HAW

GDS

MIL

ACN

BUR

TAN

G_4

HAW

GDS

QUI

BUf_

TAN

QUI

BUR

HAW

AGO

AGO



Table ,9-1 (Page 2 of 2)

TRACKING STATION COVERAGE

(for 28.50 parking orbit)

Acquisition
of

Signal*

HR:MIN

Loss

of

Signal*

HR: MIN

At

MIN

Station

i0:56.99

ii:33.b7

i1:48.b8

12:30.66

13:8.66

13:23.60

*Based on minimum look

i0:57.07

Z1:49.85

n:5_.56

12:36.95

13:14.38

13:29.65

angle of 5°

2.079

6.381

6.082

6.292

5.713

6.055

GWM

AGO

ACN

GWM

AGO

ACN
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i0.0 RENDEZVOUS AND DOCKING

Option i does not have a rendezvous and docking capability. For a discussion

of rendezvous and docking, the reader is directed towards Section I0.0 of

Vol. 6, Options 2 and 3.

I0-I



11.0 GROUND AND LAUNCH OPF_ATIONS

/

•11 •1 IF_ODUCTION

The results of the ground and launch operations task include the detailed

definition of all ground and launch operations activities, equipment, manpower

and schedules at both the F_stern Test Range (MSC) and Western Test Range (VAFB)

which are required to support both NASA and DOD Tub missions.

The overall study/program objectives vhich related to the ground and launch

operations task are to

1) Low cost, development and operational, shall be a prime objective in

the attainment of the Space Tug capability.

_ sha! !_s The _ be fully reusable wlth a minimum life of 20 missions with

a design goal of 100 mlsslons.

_ _ -_e,,, -,.--_Bn reliability g^ol _ *.h_ Tu_ shall be 0.97 minimum

for all mission phases.

h) The Space Tug will be deslgnled to be returned to earth in the Shuttle

and be reused ; reusability with minimized malntenance/ground turnaround

cost is a design objective.

5) The Tug shall achieve resonable turn-around times and effective mission

cost by reducing as much as possSble, maintenance and inspection of

systems, resulting in minimum subsystem replacements between flights.

The methodology of the ground and launch operations development for the crTogen_c

Tug basically consists of a ten step process. Each process step is described

below and illustrated in Figure 11-1.

/
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STEP i : FUNCTIONAL FLOWS

For each TuK vehicle configuration option, top level functional flow dial.rams

were developed utilizing data and Wroundrules presented in the April i_73

data package to reflect the operatioanl requirements of each Tug option

for the following items:

Flight Requirements (NASA/DOD)

o ETR launches

o WTR launches

Flight Composition

o Tug (Baslc)

o Tub with Kick Stage

STEP 2: TASK DESCRIPTION SHEETS

As a prerequisite to the development of timellnes and manloading, a task

description sheet was constructed for each function identified in the

_anctional, flow diapr_s of Step !, Tbe-_ sheets were based on the _uide-

lines and requirements contained in the April 1973 data package as well as

MDAC experience in performing similar tasks on the SIV, SIVB, Thor, Thor

Delta, and Skylab programs. The title, objective, purpose, location, required

equipment, manpower and interface requirements for each functional task were

specified on these sheets.

STEP 3: SUBTASK DEFINITION

Individual subtasks and their respective manpower allocation required to

accomplish each functional task were defined utilizing the task description

sheets of Step 2. Timelines were then developed to determine the overall time

required for each functional task. These sheets were coordinated (and modified

as necessary) with company engineers having appropriate checkout, maintenance

and repair experience to insure the reasonableness of the time estimates and

adequacy of the equipment defined.

STEP h: MISSION MODEL ANALYSIS

The mission model for each Tug vehicle configuration option was analyzed

//- 3



for each launch site with regard to number of l_mches, user (NASA and IX)D),

flight composition, and mission type (deployment, round trip, etc.) The

predominate Tugmission was then selected for detailed analysis and

development of task timelines and sequences, and ground and launch operations

manning requirements.

STEP 5: TASK TIMELINES AND SEQUENCE DEVELOPMENT

Based on the predominate Tug mission selected for each Tug vehicle

configuration option in Step h, the appropriate functional task timelines

developed in Step 3 were assembled on a sequential hour by hour baslsin a

manner consistent with the functional flows for each respective Tug option.

STEP 6 : TURNAROUND TIMES

Tu_ turnaround times were determined and top-level operational bar-chart

flows were developed for each Tug configuration option based on the assembled

timelines of Step 5. Statistical analyses of unscheduled maintenance require-

ments were included to provide adequate time for contingencies. By this

means, the probability of meeting the turnaround time was established as .985.

STEP 7: SKILL PER SHIFT DETERMINATION

The task timeliness of Step 5 were evaluated on a task per flight basis and

appropriate manpower skill requirements were optimized utilizin_ skill

sharing techniques where possible to assure maximum utilization of individual

workers.

STEP 8: MAXIMUM vs. MANDATORY SKILL BREAKDOWN

A skill per shift matrix was developed for each Tug vehicle configuration

option utilizing the data derived in Step 7 in order to determine the

maximum skill breakdown requirements and the mandatory skill breakdown



requirements during those shifts whose operations are constrained by the

Orbiter ground processing schedule.

STEP 9: MANPOWER vs. FLEET SIZE DETERMINATION

Based on the required on-orbit time and the turnaround time derived in Step 6

for each Tug option, liftoff to liftoff times were determined and the active

Tug fleet size for any required launch rate was derived. Manpower levels

for each required skill were then assigned on a per-shift basis accordingly.

STEP I0:

Utilizing the data generated in Step 9 and the number of required launches

per year as specified in the traffic model for each Tug option, a total

manpower per skill per shift per year matrix was developed.

The ground operations plan developed for each Tug vehicle configuration option

provides the necess_-y supportive elements and associated data necessary to

accomplish the study/program objectives and includes the following with pertinent

results summarized in Figure 11-2.

i. Ground operations cost data for each WBS element

2. Manning requirements (skill categories, crew sizes by year based on launch

rate for both ETR and WTR)

3. Active Tug Fleet size

4. Total program fleet size

5. Impact to Ground Operations in each applicable area for a two-year IOC

delay for each Tug option

6. Operations constrained by the Orbiter

7. Ground turnaround operations description and timelines based on functional

flow diagrams

8. Task descriptions for each Tugoption

9. New, existing, or modified facilities and respective costs



IIUOY 1ASK OPTION I

11 GIIOUND 01_.
COST OATA

OPTION | oFir ION 31

ITR: 13L19 H

WlR: l_S.| M

OPTION 34;

i

ITR: NYJI4 M

ttl_: 17.11,1 1

9) MANNING

NEQ'MTI

m ACTIVE TUG

FLEET SIZE

4) TOTAL PROGRAM
TUG FLEET
SIZE

II 2 YEAR
IOC
IMPACT

W OPS.
CONSTRAINED
BY ORBITER

?) GROUND
TURNAROUND
TIME iNNS|

l) TASK
DESCRIPTION

DEVELOPMENT

Sl FACILITIES
REQ'MTS

DEFINITION

PEAK YEAR MANNING

ETR: lee

wrR: 88

ETR: 3MAX.
I MIN.

WTR: I

ETR: I

WlTI: 9

184 MAN-YR
flEOUCTION
AT ETA

LANDING TO
LANDING 4. 91 Hill

LID- 144 HlU

TOLIO

ETR: 301 NASA

300 OOO

WTfl: 304 NASA

3O6 OGD

WSFUNCTIONAL
TASKII DEFINED

REQUIRES A NEW
PAYLOAD
PROCESSING
FACILITY AT
ETR • WTR

ITR: 113.0"/M

WTR: IW,IM M

PEAK YEAR MANNING

9TR: nO

WT1R: IM

ETR: 3 MAX.
9 MIN.

WTR: I

ETR: 7

wm: 9

431 MAN.YR
INCREAIll AT ETR

190 MAN-YR
INCREASE AT

LANDING TO
t,JkNDING ÷ 91 HN8

LID. 144 HRS
TOLIO

ETN: :128 NASA
34i OOO

WTN: 328 NASH
328 DOD

R FUNCTIONAL
TAI_ DEFINED

lEAK YEAR MANNING

ETR: lIE

WTR: 119 •

ETR: 3MAX.
1 MIN.

WTR: I

:!43 MAN-YR
REDUCTION
AT I[TR

• LANDING TO
LANDING * |1 W

L I 0. 144 HIml
1"01.10

E'IrR: 306 NASA
319 DOD

WTR: 308 NASA
308 DOD

M FUNCTiONAL
TASKS CHEPINED

PEAK YEAR MANNING

F.31_:

WI'R: l0

|TR: 4 MAX.
9 MIN.

wm: i

_ippl_r

LANDING TO
: LANDING * 91 RNI

LID- 144 HRS
TOLIO

ETN: 328 NASA
341 ODD

W11q: 324 NASH
324 DID

CR 143

OPTION 3
• CO_POSI TE

ETR: W?.03 m

wrN: 13:LI3 M

PEAK YEAR MAltNiNG

ITR: a0

tt111: Ill

IllR: 4MAX.
llmm.

w'IIR: I

243 MAN*YR
REDUCTION
AT ETR

LANDING TO
LJUIDING t |! NRS

L IO- lil HRI"
TOLIO

REQUIRES A NEW
PAYLOAD
PROCESSING
FACILIT_ AT
9TR •Wllq

101 GSE
DE SCR IPTION

78 TYPES OF
GSE EQUIP.
REQUIRED

M TYPES OF
GSE EQUIP.
RIC_IN|D

REQUIRES A NEW
PAYLOAD
PROCESSINQ
FACILITY AT
ETR &WI"A

Ell PUNCTiONAL
TASKS DEPINED

I"111t: 321 NASA
341 ODD

WTR: 324 NASA
=_4 ODD

SS PUNCTIONAL
TAli(I DEFINED

NEQUINESA NEW

PAYLOAD
PROCESSING
FACILITY AT
ETR &WTR

IIIMAINTtREFUNi

CHECKOUT
IMPACTON
TURNAROUND

T7 TYPES OF
EQUIP.

'-- REQUlN|O

REQUIRES A NEW
PAY LOAD
PROCESSING

FACILITY AT
IITR &WTR

13 TYPES OF
GSE EQUIP.
REQUIRED

83 TYPES Of
EQUIP.

RI_RID

/

MAINT I REPURI I
CHECKOtrr
REOUIN|S 71 H/_S

MAINY I REFUND I
CHECKOUT
NICENE8 71 NR8

UAINT I RIFURI I
CHECKOUT
lilOUiRII m NIm

MAINT I REPUN| I
CHECKOUT
RI_UlNES /I

MAINT I REP#I I
CHECKOUT

RIQUlqll m

Figure 11-2. Ground and Launch Operations Summary
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i0. CSE descriptions (type, amount, location, cost, etc.)

II. Maintenance/Refurbishment/Checkout impact on turnaround cycle

12. Spares planning



11.2 Groundrules and Assumption s

The _-oundrules and assumptions which influence the development of the ground

stud launch operations planning are summarized as follows.

11•2.1 General

Objectives

@ Low @ost, development and operational, shall be a prime objective in the

attainment of the Space Tug capability. (Data Package)

The Tug shall achieve reasonable turn-around times end effective mission

cost by reducing as_much as possible maintenance and inspection of systems,

resulting in minimum subsystem replacements between flights. (Data Backage)

Facilities

o The Tug shall be capable of being serviced by the standard STS environmental,

power, and fluids service facilities. Unique support requirements shall be

provided by the Tug contractor• (Data Package)

0 Facilities are required at WTR and KSC to support pre-flight and post-flight

processing of the Tug. The facilities shall provide standard services,e.g.,

power, fluid, and environmental control.

11.2.2 Ground Systems

Ground Support Equi_nent

@ The need for specialized post-flight servicing equil_ent shall be minimized.

(Data Package )

@ Reconfiguration on the (Orbiter) access panels will be charged to the Tug

as will the unique AGE required for the checkout or test procedures. (Data

Package )

Check out

@ The Tug shall utilize the automatic checkout AGE for pre-flight and post-

flight checkout and test procedures . (Data Package)

0 When installed in the orbiter cargo bay on the launch pad, Tug access to

the automatic checkout system shall be via the standard Tug to orbiter

interfaces. (Data Package)

//
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Q The T_ shall also be espable of _lgq_a_L_wf_2L __ _ compatible

¢cm=_ications rj_t_ _ _ _ _ n _to-support

_o_ssins _h_s. (_i=. _,_qe)
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11.2. ; Operation Plan

Receipt

0

0

0

The Landing FaciLity will be utilized to accept initial

delivery of the Tug at the launch, site via loSist£c aircraft.

(Data Package) !

The Landing Facility will provide for post-fight recowerT

of the Tug via the Orbiter vehSele. (Data Package)
0

o.

./

New T_-s vilI be delivered to the launch site by al_.

(Data Package)

0

0

The aircraft will be ofT-loaded vith contractor furnished

transportation and handling equipment. (Data Package)

The Tng off-loading from aircraft rill be accomplished by a

launch site crew who w$11 remove the vehicle from the aircraft

and deliver it to the PPF at _ or the TuB Proeesslu_

Facility at KSC. (Data Package)

0

0

Any specialized shipping equil_ent will be removed following

receipt (at the PPF or TPF) and returned to the contractor.

(Data. Package)

A new Tu_ will be subjected to a visua I and functional

inspection for shipping damage. (Data Package)
.Ira

=''o
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40

o At tim cazpletton 0f the t_Ltaal receivZ_ fnsp_

.. :...

nege'm'bishnqmt

0

o.

• o

At W'J_t, the DOD 'trJl.ll. pertm'm 'post__ ma:Lu:Cemmc_ and

refqn_dment opera.ram for" both _ m_ En_ TWS_ d_n a

o

o • At 11_t, 'the Pa_loed l'roeesad_ _ nB_p_ _

_; re_urbisl_ent and pre-_ _ _ cheegmnd_

or the _ _Ch a apseS.. (Data Package)

o At I_C, the Tug Procensl_ lqcL_Lt7 _ _ __

_, re_r_ment and pre-_ _ _

of the Tu_, including,, i_r required, natt_ m_

the Tug v2th a 8pacecr_. (Data _1

/1"11
_X
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O

T_; activities vtll include performance of required corrective

actions identified during the p recedi_ mission and those.

Identified dur$ng the inspectt_, hero,ling, and service

• aetl_rlties Of the turnaround _le. (Data Package)

t

P_edictable maintenance using trend anolTsts data derived

on-board sys_ezas rill be emphasized to the maximum e0cteOt

pOSSlble. (Data Package) """

o

o

Preventive maintenance actions vt/1 be syste=attcal]_

carried out to provide for the general c_re of the Tug.

(Data Package) ..... _ •

The Tug will be subjected to a detailed visual

inspection ot all accessible spaces and installations

arrival in the Tug Maintenance Facility. (Data Package]

Accessible Inspect$on rill include the fo]._mrlng:

a. Vehicle structure condition

be

C.

Security of subsystem insts_lation

Contai_ent of fluids

d. General condition of ve_icle

e. General- cleanliness of vehicle (Data Package)



O

• o

Ins_ectlon of spaces not reodily access£ble, and

the non-destructlve evalusZlon of structural and

meehoaical equilment, viii be completed on a

pe_odte .basis depe_d£_ on the number of missions

e_pletd and total f_ht holZ's. (Data Package)

Z-mpections viii be performed throughout the

maintenance and checkout cycle on a progresslTe

basis to Snsure vehicle inte_ty.- (Data Package)

Preplanned preventive maintenance viii be accomplished duri_

every maintenance operation. Preventive maintenance rill be

echeduled for periodic acccmlz!tsbment on equipment _t

z_q_i_ _twrice a_ter every f_Lght. (Data Package)

O Unscheduled zm£Ete_ance.viii be accompl£shed on an saa

required" basis. (Data Package)

Preflight Proeult_

O

• . o.

.O

Refurbished DOD Tugs at KSC vi].l be routed to a dedicated

....... D0D pqload processing fac$_ty for preflight processt_ by

DOD perso_'me].. (Data Package)

m

Primate activities rill be to establish and test the Snt_rface

(mechanical, electrical, and fluid) betveen the Tug and the

tpnceeraft and/or Orbiter. (Data Package)

.-?..
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0 Testing

w

(Data Packs_e) -.

A 81_u:e Ground Link System (SCLS) compatible

@Mmmm4Cation8 link will be provided betv_en the

Yu_ snd Spacecraft Matin8 Facility and the Satellite

ControX Facility' to support integrated systems tests.

The Shnttle Xntegration and Mating. Facility v_ll

pa'o_Ae the ea_ahtlities to perform Tug and/o:

Spacecraft health cheeks.

9ev Tugs v_l undergo integrated systens tests

prior to premate operations.

p.

Systems containing a reported :_lfunction rill

be tested to ver_y and isolate the disc.-el_ncT.

_'nen the required maintenance actions on the vehicle

have 'been completed, all sub,stems that 'have been

entered for maintenance l_urposes vlll be indiwldusl_y

checked out and verified.

At the completion ot the maintenance and checkout

procedures, t_he Tug _111 undergo integrated system

tests to vert_ flight readiness. --

/,,./,./
.o



o • _-to-_acecraft )_ti_

• . o

(Data Pack.e)

The TuK-N=acecra._ matin/; w'111 be performed.
'

the M for _ spacec_, and in the TI_ for

]uSa spacecraft at ESt.

The T_-to-Spaeecraf_ resting _rlll "be pe_-formed in

TuB-to-Spacecraft mating o_erattons are completed

_JLth interface verif£catton and integrated system

tests •

• .

Spacecraft cleanltnes.s shall be main_aSned and

_ritied follovlng the matSn_q actiTtties.

o
Installation in OrbSte_ (Data Package)

- Installation of p_loads (Tug and/or spacecraft)

in the Orbiter car_o ba_ is currently baselined to

be acco_].tshed in the Orbiter F_F vhile the Orbiter

is in the horizontal position.

Installation in the vertical positron using the

p_yload chan_eout facilities provided at the _auneh

ps_ shall be utilized for contingencies only.---

,o



The Orbiter MCF provides the .c_pabillty fc_

•!.-.._e.llatlon of the _ or _.la_acecraft assembly

the Orbiter cm-go ba_.

The electrical and mechanical mating operations

are performed and interface verified through

AGE/GSE and the mission operator console.

. Storable Propellants (Data Package)

°J

B

The Storable Propellant Facility provides the

capability for loading storable propellants into

the Tug for preflight operations.

The Storable Propellant Facilit7 provides the

capability for residual propellant removal and

_g decoz_amination.

0 _m_remaewt (Data Package)

m The 8hurtle Xntegration and Mating Facility

provide the capability to maintain the Orbiter

• cargo bay environments.], condition _rlthin the

requirements of the Tug and/or spacecraft.

0 8ervlciag

m

Q

(Data Package.)- -.

FaclLlities at the lsunch pad _ll l_'ovide the

follo_rlng for the Tug:

a. .Propellant Pill _.d Drain

b. Emergency Propellant Drain



°. °_.

(c t. l

_0

_o

Oo

f.

o.

1_essurant" Fill and Vent

Cmmuniest£ons Links _ Statue Mon/tori_

Su_m Test_ •

Iutesrated Systea Test

Storable Tu_ propellants and pressurants may be

4e

loade_ either on the pad while the Tug is in the

eszEo be7 or at some remote tanking facility prior

to To_/Shuttle Sntegratictl

0 Pad mold

m

• .

(Data Package)

If a hol_ is required after c_ry.c=enic propellant

losdlnK, the propellant loading systen vllJ. be

eo_f/&_red for a replenish mode of operation.

D_ing'a hold period, selected airborne and AGE/GSE"

psrmneters will be monitored to ascertain the Tug

system status.

0 Baekout (Data Package ) "

Cryogen£c propellant detankL_ vLll be accce_lished

_r£a the propellant loadlnE system GSE.

Duri_ detankinE, individual drain lines will be

utilized for the Tug and Orbiter, and this v/ll be

acconplished simultaneously.

• !



- Mo=itort_ of detank_g rill be performed renotel_.

ee

o

The removed payload (Tug end/or spacecraft) v_X

be rettu-ned t;o the PPF or "the _FF.

Safe aDS l_rge (Data Package)

-At the safe and purge area, residual propellants
.....

are removed and the propellant t_nks, purged.

At the safe and purge area, high pressure gu

_stens are vented.

°.

At the safe and purge area, the unexpended ordnance

in disarmed.

Thermal control of the Tug and/or spacecraft rill be

maintained during safe'and purge procedures.

0 Removal (Data Package)

The Orbiter MCF provides the capability for removal

of the Tug or Tug/spacecraft assembly in the Orbiter

earso

e



contlr_emcles, the Mol:_Lle Payload Service Tore.--

sup_rt l_YlcBd removal at the launch p_,

8eeurl"t_' _"oee&.l_'es vl].l be reqL_J._ed if a classified

.spacecraft is to be rmeved and only spacecraft

proeessi_ perso_n_ vlth the requ_ed iecurlty

clearance _ll be alloyed to perform this task.

o Classified Spacecraft (Data Package

A secnrity patrol v_ll acccmpa_ a clautfie4

r]_ce_t during all transportation.

°•

X£ a classified sl_cecraft is to be transported,

procedures v_ll be employed to ensure p_stcal

seem_ty. • "

0 Cleanliness (Data Package)

- Clea_liness v_ll be mainta_ned throughout prefl_ht

_ansf_.

The T_ rill be enclosed in a protective cover to

maintain its cleanliness duri_ transport to the

_ecraft matt_ area. --

//- / Y'
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P. o

• s"

_HU rl'Ll_ _u| IDE_ L,I I_/_5

0

• °

_t2on ' :

- The ps_load v_3_ norm_lT be installed vith the

Orbi¢or in the horizonte£ position. (Jsc 07700)

°.

The access, removal, and lo_di_ of _aylo_d items

• Ca "the pad must be accomplished no later than TSD

hours prior to launch. (JSC OTTO0)

0 Checkout and Testiz_

Detailed acceptance testing of each payload

8ubsTste= i8 performed pr_or to installation.

(,lrsco'ffoo)

A .launch readlness checkout will be conducted

at "the launch pad pric_ to prelauneh serviciz_ and

p1_pellant loadi_. (JSC 07700)

I Checkout of the paTload for _re-launch operations

makes use of the Erou_d checkout equipment and the

onboard checkout cemmand decoder for hard_lred uplink

e_nds. (_sc _TToo)

4

//-
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¢0aaJ_t£oned air purge v111 be supplied to the pq':l.oad

st the laun_ pad, up _0 3o _tnn_t prior to

_=op_ __. (msc 077001

s. 0 to.200 lbslaJ.n.

b. k_ to 12o°? V_thin ,2°i , of desire4

4.

Class 100,000

• " " n

• .. . .

Fr_ 30 _nutes prior to propellant loading, up to

12ftoff, a GN2 purge' (for the. payload be,y) rill be

supplied. (JSC OTTO0)

a. 0 to 200 lbs/ain.

b_ _5°F %0 120°F, within 22°F of desired

e. CJ.us 100,000

d. 0 to 1 grain/pound of GN2
• .

Post-F1t:ht Pro.c..essinK

0 The p_load will normall7 be removed _rlth the orbiter in

the horizontal position. (JSC 07700)
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c. 5 dmrs/wek

Cleanliness

o It is reco_ended that Tug eleen2J_ess be compatible _th

tlmt provided in the Orbiter payload bay (G & L 0PS F_)
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ii. 3 Ground Operations Plan

11.3.1 Introduction - Section 11.3 provides a baseline ground operations plan

to support the DOD-SAMSO/NASA-MSFC Option i Space Tug. A pre-lOC

operations plan, top level functional flows, operations sensitivities

to Tug configurations, operations constrained by the Orbiter, ground

turnaround operations, task descriptions and manning requirements are

provided in this plan.

The plan identifies the ground operational requirements for the

Tug, includin_ interfaces and interactions of DOD and NASA operations

at ETR (VSC) and _ (VAFB).

A two-year IOC delay within the Option 1 Space Tug program has the

following effects on active Tug fleet size and total manpower require-

ments.

Active Tug Fleet Size:

The active Tug fleet size in program years 1980 and 1981 is reduced

fr_ 1 and 2 Tugs, respectively," to zero at ETR.

At WTR, a two year IOC delay has no effect on active Tug fleet

size requirements.

Total Manpower Requirements:

The total manpower requirements in program years 1_80 and 1981 are

reduced from 72 and 112 people respectively to zero at ETR for a

net reductions of 184 man years.

At _I_, a tvo-year IOC delay has no effect on total manpower

requirements.



ii. 3.2 Pre IDC Operations

ii. 3.2.1 Activation and Verification Operations for ETR and WTR

The activation and verification schedule for ETR and WTR is summarized on

Figure ii. 3.2-1.

Eastern Test Range

The activation of the ETR will begin 36 months prior to Space Tug IOC date,

2& months prior to the initiation of the Tug Flight Test Ground Operations.

During the first 20 months, the site development and configuration will be

completed. In the 21st to 24th months of the site activation, the facilities

and equipment will be activated and verified utilizing the Space Tug simulator"

and the Space Shuttle/Tug Interface simulator.

)

The final _TR verification and certification will be completed from the 25th

month through the 36th month utilizing the flight test article(s). The personnel

utilized during this phase of the program will establish, revise, and finalize

the procedures and plans for the operational phase. These personnel will form

the nucleus of the operational crew to be utilized at ETR during the operational

phase of the program.

Western Test Range

The activation of WTR will begin 12 months prior to the WTR IOC date. During

this 12 month period, personnel will activate the facilities and review, revise,

update, and finalize the procedures and plans for the operational phase of WTR

operations. The majority of this activity will be conducted utilizing the

Space Tug simulator and the Shuttle Interface simulator. Much of the equipment

utilized at WTRwill be provided from factory (manufacturing) equipment inventory.

_)ersonnel performing the activation and verification of WTR will be provided

from the established ground crew at ETR. These personnel will form the nucleus

of the operational crew to be utilized at ETR during the operational phase of

the !,rogram.

II-35""
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I,'Jil-t_t Tests

The first produced Tug will be equipped with special flight test instrum.entation

in _u_t_ort of the fo]lo_rlng objectives:

s. Oro,_ellant settling.

b. Propel!ant utilization.

c. Propellant feedline and en_,ine thermal conditioning.

d. Propellant conditioning.

e. Zero-g heat transfer.

f. Avionics cold plate temperature stabilization.

g. Vibration levels of selected critical installations.

Information will be obtained from this instrumentation durin_ the first two

flights flown by this Tug. The flights will carry spacecraft for orbital

placement in the event NASA is the procurinp agency. These flights are dedicated

test flights, however, for a DOD procured nrogrs_.

Disposition of Flight Test Vehicle following termination of the second fliFht

(i_A_:A _ro_raa_) t_e ±_,_I"-_++_+_ ,__+_1!_.._nt.At_n............. will be removed and the Tu_ nro-

ceased through a normal turnaround cycle. This Tug will then continue normal

operations within the fleet. In a DOD program, data from the flight tests are a

_art of the total data considered by the DS$-gC. During this review, this Tu_ will

:o_,tin_e to fly, car_ting spacecraft for orbital placement, until such time as

ir_c_usion in the fleet is ordered. At this time, the instrumentation will be removed

_nd t_,e _ nrocessed through a normal supporting turnaround

cycle.

_i_ure ii.3.2-2 is the schedule for this flight test operation. Ficure 11.3.2-3

denict:_ instrumentation removal time reguirements and turnaround cycle time lines

car, _.e found in Section ll.B.6.

1
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ii.3J3 Top Level Functional Flows

Top level functional flows for ETR and WTR are presented in the form of

summary time lines in Figures ll.B.3-1 and 11.3.3-2. The supporting flow

diagrams are presented in Figure 11.3.3-3 and Ii.3.3-_.
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II .B.)! Tug Operations Sensitivities to Tug Configurat ms

E_ch '.[_g option configuration was assessed with respect to

A. Turnaround time

B. Manpower

C. GS 1_

D. Depot maintenance

E. Facilities

fox" the foSlowing 5hlg configuration differences

A. Retrie_Kl vs. no-retrieval

B. Mono-propellant vs hi-propellant

C. Cold heli_ vs ambient helium pressurization

D. Fuel cells vs batteries

E. NASA security vs D0D security

F. Kick stage vs no kick stage

G. Engine configuration

]_. On-orblt time

I. Autonom_ level

J. Abort requirements

Rezu;ts of these sensitivity analyses are summarized as follo?,_s:

\
\

\

Turnn_'o_ nd Time

_e key drivers in Tug ground turnaround time sensitivit_ _ to Tug

congiguratio_m are: ......

A. Retrieval vs no retrieval

B. Monopropellant vs bi-pr0pellant

C. Kick stage vs no kick stage

Retrieval, bipropell_t, and kick stage ground operations increase ground

turnaround by 5 hours, 15 hours, and 1 hour respectively.

Manpower

The configurations which influence manpower are as follows:

A. Cold helium pressurization operations increase the mandatory required

manpower by four people

B. Fuel cell operations increase mandatory required manpower by six

people.



C. DOD security requirements increase the maximum required manpower

by two people.

D. Kick stage operations increase the maximum required manpower by

six people.

GSE

_c key drivers in GSE sensitivity to Tug configurations are as follows:

A. Retrieval operations requires spacecraft/Tug demating GSE at the PPF

and TPF.

B. B_-propellants require bi-propellant handling and storage GSE at the

storable propellant facility.

C. Cold helium operations adds maintenance and refurbishment GSE at the

MCF and ser_cing GSE at the launch pad.

D. Fuel cell operations add maintenance and refurbisl_ent GSE at the

MCF and servicing GSE at the launch pad.

E. D0D security requires COMSEC checkout GSE at the PPF and an inter-

facility security transport vehicle for Tugs which fly classified

payloads.

F. Kick stage operations add additional kick stage/Tug integration GSE

at--the PPF or TPF.

Depot Maintenance

The configurations which influence depot maintenance are:

A.

_o

Monopropellant APCS requires the replacement of 12 sets of aft

firing thrust ers.

Category 2A RD-10 engine requires 12 engine overhauls.

Category I RL-10 engine requires 18 engine overhauls.

Facilities

Facilities are relatively insensitive to Tug configurations with exception

to kick stage missions which require an ordnance facility for kick stage

storage and assembly.

ii- o
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1i. q.5 OPERATIONS CONSTRAINED BY THE ORBITER

The Tug operations which are constrained by the Orbiter for Option 1 are listed

below according to their corresponding Functional Breakdown Number. These

operations are time constrained in order to not interfere with the Orbiter

ground turnaround schedule.

|

F.B .N TUG OPERATIONS CONSTRAI_ED BY THE ORBITER

2,3 TUG/SIiD_fTLE MATE

2.3.7 Payload Installation MCF

2.3.9 Verify Payload-To-Shuttle Interfaces

2. h COU;;TDOWN

2.4.! 0rbiter/Psyload Integrated System Test

2.4. la Monitor Storable ACPS

2.h.2a Tug Service at Pad

2.h.2b _ Service at Pad (Non-Cryo)

2. h, 3 Tug Service at Pad (Cryo' s )

2.h._ Final Checks a% Pad

2.4.5 Remove Payload (Pad}

2.4.6 Payload Installation or Removal Preps (Pad}

2.h.7 Payload Installation (Pad)

3.i SAFE AND SECURE

3.1.1 Tug Ground Safing at Saflng Area

3.1.1a Tug Ground Safing at Safing Area

3.2 SHUTTLE/."I]G D_4ATE

3.2.3

3.2.5

3.2.6b

3.2.7

Recover Tug at MCF

Recover Tug and S/C at MCF

Recover FSE (Cabin) Equipment (COI_EC)

Recover FSE (Payload Bay) Equipment



]1.5.6 Ground Turnaround Operations Descriptions and Timelines

The operational timelines for ETR and WTR as summarized in section 11.3.3 were

developed using the methodology described in section ll.3.1 and are pre-

sented in the pages following section 11.3.7.

A:_ '_n example of how the decisions were made for where certain functions are

perCormed, trade study sheets on Tug/Shuttle Demote and On Pad vs Off Pad

II_tal]ation are inserted after the timelines. These sheets also provide the

_'esponse to action items 98 and 139.

Ii. _.7 Task Description Sheets

'i"n_,detailed timelines of section 11.3.6 consist of several hundred separate

tasks. Each of these tasks, in turn, is described by a separate Task Descrip-

tion Sheet. Because of the volume of these sheets, they are not presented here

but rather are included in appendix ll.10-D. Also included in appendix D is

the b_Lscline time line (which includes all operations for all options) from

which the specific option time line was developed.

//-
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TUG/SHUTTLE DEMATE AT S;u=ING AREA

VERSUS SHUTTLE MCF

CAcTJo irmM 98)

MD_C Approach

Review of the functional timelines (3.2.3 versus 3.2.2) indicates that the Tug

vehicle can realize a seven hour savings by removal at the safing area versus

the Shuttle M_.

MDAC Position

Recover returning payloadat safing area if p_yload/Shuttle integrations occurs

at the launch pad instead of at the Shuttle maintenance and checkout facility.

Rationale

If payload/Shuttle integration occurs at the launch pad a substantial savings

in Shuttle/Tug GSE can be affected since

l) Shuttle/Tug integration and checkout GSE is no longer required

at the MCF and equivalent GSE located at the launch pad will be

utilized for on pad installation and post installation checks.

2) Shuttle/Tug demate GSE is no longer required at the MCF and Shuttle

provided demate CSE at the safing area will be utilized.

Recovery at the Safing Area is no more or less complex, requires no more or less

equipment, and requires no more or less men than recoverY at the Shuttle MCF.

Reduction of TUg turnaround time by seven hours if Tug/Shuttle demate is accom-

plished at the Safing Area has no effect on the Tug program active fleet size

or ground crew size. Since neither active fleet nor ground crew size is affected,

the seven hours saved provides program planners with a seven hour pad with which

to account for potential variances in the actual ground operations task times.



Impacts

The Shuttle ground flow will require change to show this approach, however,

since the Shuttle is providing for the capability (reference data package,

page 50, paragraph B.2) there will be no inpaets to the Shuttle program or

planned facilities.
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TUG/SHUTTLE DEMATE AT SAYING AREA

VERSUS SHUTTLE MCF

( AcT,o

MD_C Approach

Review of the functional timelines (3.2.3 versus 3.2.2) indicates that the Tt_

vehicle can realize a seven hour savings by removal at the safing area versus

the Shuttle MCF.

MDAC Position "

Recover returning p_71oad_at safin g area if payload/Shuttle integrations occurs

at the launch pad instead of at the Shuttle ma/ntenance and checkout facility.

Rationale

If payload/Shuttle integration occurs at the launch pad a substantial savings

in Shuttle/Tug GSE can be affected since

o

1) Shuttle/Tug integration and checkout GSE is no longer required

• at the MCF and equivalent GSE located at the launch pad will be

utilized for on pad installation and post installation checks.

2) Shuttle/_ demate GSE is no longer required at the MCF and Shuttle

provided demate GSE at the sarong area will be utilized.

Recovery at the Sa_lng Area is no more or less complex, requires no more or less

equipment, and requires no more or less men than recovery at the Shuttle MCF.

Reduction of Tug turnaround time by seven hours if Tug/Shuttle demate is accom-

plished at the Safing Area has no effect on the Tug program active fleet size

or ground crew size. Since neither active fleet nor ground crew size is affected,

the seven hours saved provides program planners with a seven hour pad with which

to account for potential variances in the actual ground operations task times.
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Impacts

be Shuttle ground flow will require change to show this approach, however_

since the Shuttle is prowiding for the capability (reference data package_

page 50_ paragr&ph B.2) there rill he no inpa_ts to the _uttle program or

planned facilities.
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ON PADVERSUSOFFPADINSTALLATION

(.AcT, ,'r M L3q

MDAC Approach

Tug/Shuttle mating is currently baselined to occur at the Shuttle maintenance

and checkout facility 144 hours prior to launch. After installation has been

completed, however, the Tug is essentially inaccessible until, after orbiter

erection and mating with the external tank, the Shuttle is transported to the

launch pad 88 hours later. If, however, the Tug/Shuttle mating is performed at

the launch pad, the Tug turnaround schedule can be shortened by ii shifts.

Compression of Tug turnaround has no effect on ground crew size which is primarily

dependent on annual launch rates, however, the active fleet size can be reduced

as the turn_round time is shortened. If the Tug production fleet size can be

reduced (affective substantial savings), on-pad installation is highly desirable.

MDAC Position

On-pad installation is highly desirable for Tug options i and 2 since production

fleet size can be reduced by one Tug from I0 to 9 and 9 to 8 respectively.

Rationale

The Tug production fleet size is based on equal usage of each Tug and the number

of Tugs required during the last program year. Additionally during the last pro-

gram year, for each Tug option one Tug es expended during the middle of the year

which has the effect of reducing the flight capability of one Tug by 50%.

Figure i illustrates

a) Tug active fleet size requirements for MCF and on pad inztallation versus

annual launch rate.

b) the launch rate spectrum for each Tug option

c) identification of launch rate and required number of Tugs during the last

program year for each Tug option.

7



s •

Table 1 indicates launch rate and number of Tugs required during the last

program year for each Tug option.

TUG OPTION

1

2

3I

3F

,LAUNCH RATE

2O

35

36

_o

NO. OF TUGS

3

5

By comparing Table i with Figure i, it can be seen that for options i and 2,

during the last program year, the active fleet and therefore the production f_ _

size can be reduced by one Tug.

The production fleet size for Tug Option 3 is however not sensitive to a turn.-

around compression of Ii shifts and the time and location of Tug/Shuttle mating h_

no effect on the number of production Tugs required to satisfy program needs.

Impact

In addition to eliminating the requirement for onTug in Options I and 2 (and the

accompanying cost savings) additional substantial savings can be accomplished if

installation occurs at the launch pad by eliminating the rcquirement for Tug/

Shuttle GSE at the MCF. (Refer to Tug/Shuttle Demate and Safing Area versus

Shuttle MCF. )
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Ii.3.8 Manning Requirements

Total manpower requirements and skill mix as ETR and WTR are shown in

Figure 11.3.8-1 and 11.3.8-2. The year to year variation in manpower is direct!

a function of the number of tugs flown in the mission model. The effect of a

2 year I0C delay is presented in Figure ll.B.8-B and ll.B.8-4. Clearly this

shortens the operational lifetime and reduces the total manpower expenditure,

However, on a year to year basis there is no measureable effect.
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ii.4 Logistics

The }_AC Space Tug Logistics Concept incorporates the Spares, Transportation

and Handling, Training and Inventory Control and Warehousing functions.

Thc maintainability analyses have addressed unscheduled maintenance in terms:of

spares requirements. This applies risk of failure analysis methods to predic-

tion of spares requirements and maintenance manhours. The results of the

analyses are summarized herein. It will be noted that several candidate

configurations have the same predicted performance although there are differ-

ences in subsystem equil_nent. This results from several considerations. These

include the gross state of descriptions that do not permit differentiation_in

parts counts or complexity of some components; all e_ines are considered_to

require the same unscheduled maintenance although there are differences_n

scheduled maintenance; and rounding off at a reasonable decimal value. All

predictions were made bythe same methods, thus assuring that the data presents

the proper range of relative performance for purposes of preferential evaluation

and ranking with regard to unscheduled maintenance.

So_re parts costs estimates were introduced into the cost model in terms iof

initial spares and depot maintenance, measured in terms of equivalent units

of production subsystem hardwarecosts. The initial spares support repair

of any failure present in a returning Tug for the first five flights. The

estimates for subsystems assumed at least one of each replaceable item plus

several additional parts for those items having a high failure risk and a

long flow for depot overhaul. The initial stock is a _nctign of flight

frequency, depot flow time and desired probability of sufficient stock for

any contingency. Depot maintenance costs are based on failure rate, estimated

repair level (percent of component replaced) and percent of part cost to

haudle the cost of the repair cycle. An example of the method of calculation

is provided in Appendix C.

nr
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Transportation and Handling

This function considers the following .areas of hardware movement:

o Intrafacility operations at MDAC during manufacturing and refurbishment

o Delivery of new Tugs to KSC and _TR

o Rotable spares between launch sites and factory/depot area

o Switching of individual Tugs between KSC and WTR

o Intrafacility operations at KSC and W_R

o KSC/WTR to and from Shuttle alternate landing site

The primary mode of transportation between MDAC and ESC/WTR will be by "Guppy"

type aircraft when delivering new Tugs or when switching operational Tugs

between KSC and WTR. Movement of Tug hardware (other than a complete Tug)

will be accomplished via appropriate lend and air modes as dictated by specific

program requir_ments-

The selection of preservation methods, packaging levels, and protective handli_

shall be based on analysis of natural and induced enviro_aents to which the hard-

ware will be subjected during its life cycle. Ma_or emphasis shall be placed on

minimizing damage from enviro_nental hazards encountered during storage, handling

and transportation. Special attention shall be given to parts procedures to

insure that program critical hardware items are given preferential treatment

throughout the manufacturing and logistics pipeline. Selection of preservation

methods, packaging design, and level of protection shall provide a reasonable

balance between cost and performance.

TraininK

The training concept for the Tug Program is based on the premise that training

will be required for all ground personnel (customer and contractor) and that

personnel assigned to the Tug Program will already be skilled in their respective

specialties ; therefore, training requirements will be limited to the adaptation

of their respective skills to Tug hardware and ground operations.

Training will be conducted at the manufacturer's location and at KSC and l_l_R.

There will be no requirement for simulators and dedicated training equipment.

Test and flight hardware, augmented by audio/visual aids will be used. No

special training facilities requirements are planned.

//- /
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Inventory Control and Warehousing

The material control fUnction includes the receiving, shipping, issue, repair_

inventory control and storage of spares,:repair parts, and special test equipment

(Contractor Furnished Equipment [CFE] and Govermment Furnished Equipment [GFE])

located at either the MDAC manufacturing facility or at _he ESC/WTR launch sites.

The MDAC concept considers the contractor and user's resronsibilities fram

acquisition through the operational phase for property control and accou_t-

ability of CFE and GFE being utilized to support :theprogram. The contractor

shall be responsible for controlling stock levels, issues, and maintaining

inventory and property records of all material. The contractor shall maintain

such records on GFE for the purpose of receipt control by requisition number

and contract number. The contractor shall perform follow-up action in _ccord-

ance with customer requirements. GFE:spare end items furnish__d EQr the Contractor's

Program shall not be-co-4ningled with GFE furnished for _z_duction installatian.

Progressively, usage data shall be compiled during_the _Contractur Sul_

Program for systematic and timely support review-to determine !uture _rocu_e-

ment and stock replenishment. Accurate reporting of transactions and en_

use of hardware is the most important aspect of usage data.

CFE and GFE shall be stored under bonded warehouse concept, utilizing good

housekeeping practices. Special emphasis is placed on control, securAty_ and

protection of material. Items furnished for support of this progre_ shall

not be co-mingled in storage with items of any other program, contract_ or

project. Items shall be stored in an arrangement that will facilitate stock

control and inventory. The Armed Service Procurement Regulations (ASPR) a_d

NASA Procurement Regulations contain the basic requirements for management and

control of GFE in possession of a contractor. MDAC will handle CFE in the same

manner prescribed for GFE and will assure that its subcontractors handle GFE

on this program in accordance with the aforementioned government requirements.

MDAC, together with NASA/DOD will schedule two transition conferences _ a planning

conference and a final conference. At these conferences, the NASA/DOD and MDAC

will review and evaluate the experience encountered throughout the Contractor

Support Program, determine and initiate action to satisfy a_ deficiencies_

and provide for an orderly transfer of assets to the government nr operational

contractor.
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11.4.1 Spares

The spares planning analysis has developed a spares list to level 8 and a

subsystem overhaul cost. The detail data are presented in Appendix C

along with a description of the calculation methods used. The Tug

maintainability analysis process is illustrated in Figure ii._-I.

The spares planning data are primarily directed at developing a viable

life cycle cost prediction. The list of potential spares was developed

for two levels. The subsystems were analyzed to establish a repair policy

that would be possible with the expected support equipment and test facili-

ties. The repair policy provided a list of line replaceable units(LRUs)

for Tug repair and refurbishment. These LRUs were in tu_ subdivided into

subassemblies to provide a parts list to level 8. Reliability failure

rates were allocated to the subassembly level and component and subassembly

expected failures were calculated using flight time plus expected preflight

ground operation time. An additional anomaly multiplication factor was

applied to represent the number of items that may need to be changed or

adjusted for each failure that actually occurs in a completely checked

out, flight ready, system.

The expected failures value providedthe basis for calculating spares and

overhaul support. Poisson tables were used to determine quantities of

initial and operational spares. Initial spares were selected in a quantity

to provide an 0.90 probability of no LRU stock depletion for 5 flights.

Operational spares were selected to assure at least one subassembly for

repair of the LRU and additional quantitites as required to assure an 0.995

probability of sufficient stock to repair and refurbish LRUs with a

level II maintenance flow rate based on _ flights.

Depot spares estimates are based on equivalent subsystems required as a

bottom up prediction, whose individual item depot costs are based on a

30% refurbishment cost for the expected failures for the total number of

Tug missions.

The mathematics for the calculations are shown in Appendix C.
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•. Program Option 1

11.4.2 Training °

Introductio n. A comprehensive training program on the Tug subsystem

and its associated supportequipment will be provided to assure the availabiliti:

of trained and qualified personnel required to produce, assemble, check out and

deliver the tug and its associated support equipment and to support the test _n_

operational flights.

During the Saturn S-IVB and OWS programs, MDAC participated in a compre-

hensive task-oriented classroom training program; making maximum use of

engineering mockup, models, and simulation devices to develop and maintain

personnel skills. Each course was tailored to meet specific NASA requirements

and stressed man-rating and safety. These programs proved extremely successful

as evidenced by these programs' achievements. The same policies and criteria

will be utilized in the development of the Tug training program.

Training services for NASA, DOD & MDAC employes (technicians, engineers,

inspectors, test flight personnel, etc.) will be

provided by a centralized training group. This group will be staffed with

experienced system _raining instructors organized and managed to meet NASA,

D0D and contractor employe training requirements. These instructors partici-

pate in the development of training requirements, development of System

Training Plan, and conduct training.

Objectives. The objectives of the Tug Training Program are:

(i) Identify and develop training requirements for courses in a timely manner

to permit the orderly development and implementation of training; (2) Develop

and implement training courses to ensure the availability of qualified

personnel and skills required for the performance of assigned tasks; (3) Provide

auantitative and qualitative needs for trained personnel that satisfy program



schedule requirements; and (_) Provide training services :'or customer and

contractor personnel in support of their Tug system requirements.

Apnroac._h. Training services for NASA, DOD, MDAC employes (technicians,

inspectors, test engineers, etc.) and flight support personnel shall be pro-

vided by a centralized training function. Cost control objectives shall be

achieved by use of innovative training concepts developed for otherNASA and

military training programs as follows: ....

o Centralized training management permitting instructor participation

during the Training Requirements Analysis. Development of the

Training Plan and the dual utilization of instructor for the conduct

of both customer and employe training programs, being responsive to

schedule requirements of both.

o Making maximum use of engineering development mockups, models and

test and flight articles for training; thus eliminating the development

and_roduction costs of special training devices.

o Identify the appropriate Audio Visual Media for application to

classroom, OJT, and follow-up training as the system is developed.

o Maintain a current catalog of Employe Training courses, complete with

schedules, permitting the customer to participate as desired.

Program quality, quality of personnel, and cost objectives will be achieved

by the implementation of these concepts. The planning and control function

is a key element for the smooth integration of NASA, DOD and

MDAC Tug System Training Requirements

Trainins Requlrements. Training Requirements _nalysis for customer and

MDAC personnel will be concurrent with the Design, Development and Production

Planning. The analysis encompasses all areas of Job/tasks function, i.e.,



production skills, quality assurance, test engineers, instructors, etc., and

is conducted in the following steps; population group identification, Job/task

definition, and the identification of technical material required for use by

each population group. The analysis determines the requirements for both class-

room and other types of instruction for personnel. All MDAC training records

will be processed and maintained. Figure 11.4.2-1 illustrates the interrelation-

ships, identifies the products and services provided, and the sequence of

development and implementation. Special training requirements imposed by

the customer are are developed, scheduled and conducted in the same

manner as for MDAC personnel. Table 11.4.2-1 lists Tug training categories that _r_

applicable for NASA and D0D personnel.

Table 11.4.2-1

NASA/DOD Training Courses

Type of Course

Briefings

Familiarization

Subsystems, Design

Description

Introduction to the Tug program to include

ground equipment. Serves as an intro-

duction to individual systems briefings
and more detailed instruction.

Introduction to the Tug program including

,ground equipment identification and
,description of subsystems, major units
and functions.

Detail analysis of design requirements,

functional and operational. Parameter

of subsystem and its supporting ground

equipment.

Population

Groups

NASA & DOD

management

personnel &

program planners

Technical super-

vision & flight

personnel

Project System

Engineering, Ops

engineering,
launch support

MDAC training requirements analy_ are concurrent with the development

of Systems Requirements and Support Requirements.
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Student population groups are identified, Job/task d_flnitlons developed,

skill levels determined to accomplish task and the identification of technical

materials required for use of each population group. The analysis determine_

the requirements for both classroom and other methods of instruction for 5DAC

personnel. Table 11.4.2-2 identifies employee population groups requiring trainS_

and a brief description of the type of instructions provided.

Table ii. 4.2-2

Develo_nent & Production Training Programs/Courses

Employe Population

Groups

S_fety

Inspection and

non-destructive

testing

System and support

equipment

Transportation and

handling

Maintenance

Material processes

Assembly processes

Test equipment

operation

Description

Identification of hazards and uotential hazards to

personnel and eouipment, and methods of accident

prevention.

Work-oriented instruction on techniques and procedures

on testing, inspection, and operation of specialized

equipment for quality assurance personnel.

All levels of instruction describing theory and

function of operational end items, systems, sub-

systems, and support equipment.

Describe operation of equipment--both static and
mobile--used to handle, transport or position

hardware.

Detailed task-oriented instruction in maintenance,

servicing, overhaul, and repair of equipment.

Skill development in critical manufacturingprocess,

i.e., metals, chemicals, bending, compounds, welding,

etc.

Skill development in critical manufacturing process,

i.e., metals, chemicals, bending, compounds, welding,

etc.

Task-oriented instruction on operation and application

of standard and suecial test equipment.

_.j2
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The result of the training requirements analysis is documented and

included in the training plan. The updating of the requirements is continuous

and incorporated into each revision of the Training Plan.

Tug System Training Plan. Development of a Tug System
i

Training Plan shall be initiated at ATP and be concurrent with the Training

Requirements Analysis. The Training Requirements Analysis is the basis for

identifying courses to be conducted for NASA, DOD, and

_AC employes. The plan identifies methods and procedures for each course,

course objectives, and identifies equipment required to support the course;

it includes course outlines, descriptions, manpower requirements, evaluation

criteria and contains a schedule for each course identifying the location of

presentation so customer personnel may participate, as desired. This curriculum include

general purpose courses to provide personnel with brief general descriptions

and functions of the Tugsystem, plus Job-oriented courses for student popu-

lation groups identified in the Training Requirements Analysis. The plan

shall identify any special courses for customer personnel

required for a smooth transition from DDT&E to Operations. The training plan

is a working document for training implementation and becomes the framework

for annual planning of training operations• AdJustment_ are made to the plan

as program requirements are altered, and an annual updated submittal shall be _-

made through the first manned orbital flight.

Production Skills Training. Processes involving vocational skills

training are identified in the Detail Process Standards (DPS) or Detail Process

Instructions (DPI) prepared by Material Methods and Research Engineering (E_&RE),

and training is conducted in accordance with these instructions. Upon completion



of vocntlonal skills courses, students are required to demonstrate skill

proficiency by manual and written examinations, and are certified as required

by QA. Apprenticeship and/or learner programs, where applicable, are developed_

conducted and administered by Training in accordance with Federal and State

regulations.

Qualit Z Aszurance Training. Courses designed for Quality Assurance

personnel stress the inspection techniques and quality requirements in addition

to manipulative or manual skills. Quality control is an integral part of all

skills training programs. The contribution of each individual's work to the

success of the progr_m is constantly emphasized.

Safetz Training. Personnel and system safety is stressed in all

training courses. The Safety Department and/or the Safety Manual may indicate

areas for special concentration. These special safety training programs are

established and conducted for identified employes or depsrtments after course

approval by theSafety Department.

Technical Training. Technical training is accomplished by various

methods, conducted by the training organization, performed by experts from

the operating department involved (with guidance and assistance from the

Training Department), or programmed with self-taught instructional media.

Whatever methods used are coordinated and approved by the Training Department

prior to the conducting of the course.

Technical orientation is initiated early in the program to orient newly

assigned personnel on the Tug Program, provides a general description of

the Tug system, system function, and Shuttle interface information, and is

planned to be approximately four classroo:n hours. The technical content will

be maintained at a level consistent with the instructional objective of

iI- II' 
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providing management, and newly assigned personnel, with a brief but compre-

hensive overview of the Tug Program .

Familiarization training courses are developed for presentation to

Engineering, Technical, Manufacturing, Checkout, and Quality Assurance personnel

as soon as desigh concepts are established to provide thorough familiarity

with all aspects of the Tug system, supporting equipment and operation. The

technical content will be maintained at a level consistent with the instruc-

tional objective of providing technical personnel with a working knowledge of

the Tug and its supporting equipment, and is planned for approximately eighteen

classroom hours,

The identification and depth of maintenance training courses result from

Support Requirements ANalysis (SRA). The results of the SRA will culminate in

the identification of maintenance training requirements, and courses will be

designed to support all levels of maintenance. Instruction in detailed system

operation, trouble-shooting and repair techniques provide the skills required

to meet scheduled turn-around requirements, cost, and loading effect on equip-

ment and facilities. Course outlines and descriptions will be developed and

documented in the Training Plan.

MDAC personnel involved in test flight operations are provided detailed

instructions on the Tug system and its support equipment in terms of trouble-

shooting, on-line repair, test and launch operations. The level of instruction

provided is identified in the Training Requirements Analysis and documented in

the training plan. Special course are developed and documented for technical

personnel, and the implementation is consistent with the program schedule.

NASA, DOD and Launch contractor personnel are invited to attend these courses

to partially fulfill the operational training requirement for transition to

the operational _hase.

/i.



The initial cadre of personnel for the operational ph-__@ewill participate

in test flight training, test flight launches, and be prepared to support the

operational launches. Additional launch teams assigned to meet the projected

launch schedule will receive the same instruction as flight test personnel, and

all crews will require refresher training periodically to maintain their launch

capability and proficiency.

Maximum use of engineering mockups, models, etc. shall

be made to enhance the instructional program for the development and maintenance

of personal skills required to assemble, check out, test and launch the Tug

system. Instructional devices are production hardware, wherever practical, and

rejected parts, components or test items are utilized when they do not detract

from the training objectives.

Tools and machines required for vocational training are the same as used

in production areas, _nd applicable training will be accomplished on equipment

in the production area, where possible. Documentation of vocational training

courses will be accomplished in accordance with established standards.

Y

Instructional Documentation. The Tug system documentation is utilized

for task-orlented instructions when it is determined to be suitable for

instructional purposes, When system documentation is not suitable or available

for instruction, special training documentation shall be developed, such as

operational and functional diagrams, descriptions and interface information.

The preparation of Tug training manuals is initiated at system PDR, making

maximum use for existing documentation, and includes system and subsyst_

descriptions, functional diagrams and visuals to enhance the learning process.

The manuals are prepared, published and used to fulfill the training require-

11-
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ments of onerational training and are turned over to the customer at the

completion of test flight operations.

Instructional Media. Instructional media used varies according to

the subject and training objectives. Basic technique used is oral presenta-

tion, demonstration, application, examination, review and/or critique. Instruc-

tion is supported by video tape, overhead transparencies, slides and movies.

As a supplemen t to the tri-level Tug classroom training,

video tape wresentations and demonstrations will be

developed for tasks and subjects where such supplement is indicated by the

training requirements analysis. Video tape is particularly effective as an

instructional aid in bringing the production areas into the classroom for

vocational skills training.

Video casettes, chosen for ease of operation consistent with high image

quality, will be produced by MDAC personnel experienced in telecommunications

th Skyi_o .... _ ...... ++ ..... _°production on e Safeguard and programs. Th_ -_ .....

easily updated to include program or design changes, and will provide readily

accessible refresher material for NASA, DOD and launch contractor personnel

after initial training.

Trainins PA'osram Implementation. The basic method of instruction'

shall be the traditional standup technique of classroom instruction using

charts, transparencies, chalkboard, etc., and augmented by special audio-visual

techniques when they enhance the training or are cost-effective.

Tri-Level Trainin_ Concewt. A tri-level approach is planned for

implementing the Tug training program. This approach enables each employe to

receive only that instruction relevant to his Job assignment. This approach

reduces the number of student classroom hours by not subjecting h_m to "nice-

to-know" but irrelevant information. MDAC shall conduct all courses using the

tri-level approach. Figure ii._.2-2 illustrates this concept, and a brief description

of each level of presentation is provided in the following paragraphs_ /_

/I-
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-- Level One - Orientation. The orientation courses will introduce

tBe Shuttle Program, the Tug vehicle and its associated support equipment to

all program personnel as they are assigned, and provide them with general

descriptions and functions of the systems to be utilized on the Tug program.

Technical content of the course will be maintained at a level consistent with

the objective of providing management, planners:_ and newly assigned personnel

with a comprehensive but brief overview of the Tug program.

Level Two - Familiarization. Familiarization courses provide a

brief overview of the Shuttle program, and expand upon the Tug

system, system support equipment, manufacturing and checkout operations,

culminating in factory checkout, assembly and test flight operations. These

courses are the hasis upon which specialized training for particular task areas

are founded.

Level Three - SDecialized. These courses will be designed to

provide a brief overview of the Tug Program and detailed theory, operations,

and maintenance functions associated with specialized tasks on the Tug vehicle°

support equipment, assembly, test and launch.

Summary. MDAC is responsive to the Tug 'Program requirements by

providing a training staff of experienced training specialists to participate

in the definition of _ system training requirements, developing a training

plan, and conducting training. The preparation and conduction of training

shall be time-phased to provide qualified personnel, economically managed to

control program cost, and flexible enough to meet all program requirements.

A representative manpower build-up is shown in Figure 11.4.2-3.

r/



ProEram Option i

A

11.4.5 Transportation and Handling

Introduction

The Spare Tug, its subsystems assemblies and components will be moved a

considerable n_ber of times during their progr_a life by a variety of trans-

portation and handling vehicles and equipment. During these movements, the

Tug vehicles/equipments are subjected to stresses and loads which may vary

from those experienced in a mission environment. The Tug design criteria will

be based on flight loads; therefore the transportation and handling loads _a_st

be predicted during design and, where necessary, reduced to assure that

structural damage does not occur during Tug transportation and after .grotmd

operations. The methods and procedure necessary for protection of the Tug

hardware elements during vehicle assembly, testing, transportation and storage

are developed as a result of the trmmportability/transportation analyses.

"inu _-Icctio;; _f prc_erva.tion methods, packaging levels, and protective

h_mdling will b(: ba_.ed on ;malysis of natural and inciuced enviroJ_ncnts

to :.:hici_the h'_rd',,'arewill be subjected durinp its life cycle. .xktjor

cmprLa:;is shal], be l)laccd _)n minimizing (h_mge from cl_viroim_ental imzaras

once,tutored (iuring storage, ilandling and trmtsportation. Special attention

shall be given to parts protection procedures NIIAC will follow to cnsure ti_at

progr:un crit teal hard,rare it.eros are given,preferengi_,l treat_nent throughout

the mmmfacturing and logistics pipeline.

I1"/y3
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Policy

As a matter of policy, transportation and handling planning will incorporate

the follo_g guidelines and assumptions:

a. Use of existing, rather than design o_ new trmls|)ortation mid

lmnd ling o4uiPmeUt, _vl.xere lttoct_/icaL .....

b. l.arly idc.ntification ofBm_, .TugProgram|)oculiar tr,:nsportability

¢.'013S _l't] ints,

c. _bxim_)_ utilization of state-o£-the-art packaging 1,'_i_crials,

lr_tllods, mid designs, where practic:_l.

d. Special protcct:iv_ ill,..it:;ur_s for Progro, m critical harthvare.

c. In:plet;:cnC:ttion O(" illr.t:i, rilted p-cki:gin,,., J_iuldlini_ , ikud tr;t)ls-

,,_,, t.-,_[I} 3:13 [.u [h<_ m:txJ_;_uia _.xtun%portlition _'l:llCt[Oil:; out.Lined in _'.":' '.... -

pos:_ibte within o_'st effective !_ui..ieiin,;:;.

t

f. Preferential consideration of air trimsportation, but use

of other modes where more effective or practical.

g. Appropriate safety provisioILs for dmlgerous or hazardous

Transportability

Some of the Tug Program items (assemblies, subassemblies, GSE and

spares may be oversize environmental se,:sitive or imzardou_ relevant

_o llOllii;,ll:r;,n,.;pOl_'tat ion .mo_d__,_S.. 'l'ilel/l_lCor9, -_____._--7-___-17_.... ; -.._ ...... L:_.

a transportability analyses shall be performed to ensure that

the .Tug vehicle hardware, _ and their shipping contaix_rs/fixtures are

desi,,.incd"i'oref£kcicnt trans'_orl:ation. 'rra|_sportnbitkty analyses arc

!)rovide_t t.u ddfine hardware constraints r¢_luired to select trmtsl.)ort and

hm_dlJn._: c({ui}m;ont _,nd Prinmry ;rod altCl[!_at c )j!o__l,-'s o1" _r:,nsporl:ation.

"J'n-_ b,_ic i:ask_ that are _,x:_plished__'_ the t'fanslx)rtnbility cngi._._cori./k¢;

Process are as follows:

t

J

ao

b_

.. 4 ..........

Id_ntifT potential transportability problem areas and define the

nature o'f the constraints

sens_itive or dangerous).

Perform transportability

(overs ize, envi roughen tally

_yses to determine trans,

portation .impact on imrdware design and preferred methods

for transporting problem items.



c. Prepare trealsportability reports for problem areas. The

reports will provide the following data:

1. Detailed dmracteristics of problem items (size,

weight, C.C;. environmental scnsitivi.ty, hazardous,

etc.)

2. Special packaging, handling m_d tr_u_sportation ro-

qu irements.

5. ilandling, loading and tie-do_m methods and config-

uration for proposed trm_sportation methods.

d. Develop tr.',nsportation data for special items Cas required).

e. Investigate capabilities and limitations of available equipment

and service of the candidate modes of transportation at origin

a1:d des t i n at ion.

_. I:;,ahlate transport limitations at ,umufacturing, asse, lbly, cmd test
S 1 £uS.

g. Investigate existing handling alibi tra_j!s[)grtat_io!!, equipment

inventories for possible use on the Tug Program,

illlU•A, l'iti& If, IV lliliUalIllg [l'JJlSI)Ort;li;i.O:I ])I'O.CC(iU'I'O.S :IIIL} illStltlCtlOrlS

defining mudhxls of .loading, of J'- reading, suturing _d handling

problem items for shipment.

i. Provide tr:msl;ortubillty inputs to system and equipment speci-

['ic,ttions.

J'' i._fine the imtural and induced env[roimlc, nts tlmt hardware uill

cLi,:ounter.

k. DeveLop trPatsportation and storage requtremeats for hardware

in logistics pipeline.

1. Develop roluirements criteria for the design of special trans-

portation equipment.

m. Conduct'transport.'Ltion tests for oversize items contah_er

designs, as ,_quired.

n. Provide trcalsportability engineer-ing support to progrmn for

shipment and receipt of test items and mockups.

o. Establish interface with Design Lngineering_ early in Pro,,'_':..'c,.... .,

to n_inimize transportability censtraiz_ts.

11- 19,?"



Transportation and Handling

An overall transportation plan, including packagin@, llm_dJing_ trimS-

portability, transportation and storage, shall be tier.elopedand implemented

as apart,of,the total system _pproach for the movemmt and storage of Tug
• . •

hardware. The purpose of the plan is as follows:

a. |:stablish an optim_n system for moving materiel, defining

the system in such dctaii tlmt tile impact of individual

elements o'a total system cost m_d perfomance can be _mat),zed_

b. Provide tccimical requirements _u_d achninistrative procedures

for implementing safe _nd timely movement of nkateriel.

c. Provide management with sufficient visibili_)' of tae packag[ng_

i_audling and trm_sportation system to effectively control and

manage its implementation.

Trmlsportation tasks _'l_ici_npast be accon_)lished for dcvelpping _md

implementing ml effective plml are as follows:

a. Perform feasibility and cost tra_e-off studius in the areas of

packaging, cargo i_dling, tralu;portatio, t aud storage to

develop the most cost-effective system for the movement of

Tug hardware.

0. Integrate transportability data into trallsportation pi_Juting

activities.

c. lh'ovJde route surveys for oversize itenL_.

tt. Idun_Jfy ti_e hardwaru snipmel_ts Oy dcsthmtion uJld volume for

maxim_n consolidation.

e. Establish trmlsport:ttion flo:,,patterlts for the different

harttware categories.

f. t_termino most feasiblu und economical methods for transporting

the various categorius of matcrh,l ilt cor,som,.ncc with program

sc;tedulcs.

g. Identify the shipping doc_ncntation used during shipment.

i_. Identify tmique requirements for special transportation

equipnent and services for each shipment.

i. Release. transportability reports reco.mending preferred moues
°

for potential problem item.



j. Identify functional r,:sponsibilities for ill@fomenting rJ_e

transportation 151an.

k. Establish traffic management procedures for obtaining the

proper ilandling and transportion equipment.

I. Provide procedures for obtaining route clearm_ces and over-

weight/d huensional pen_ts.

m. Establish traffic management procedures for controlling the

movement of hardware in transit.

n. Establish procedures for interfacing and coordinating with

cus ton_r trm_sportation agencies.

o. Define the Department of l'rmlsportation, NASA, DOD and other federal s

state and local goverlm:ent regulations govem_ing the Tug.

packaging, trm_sportation and storage activities.

p. bk,nage end coordinate all movements of i_eaw/, bulky Tug

components v;ith otiler agencies told supervise vehicle loading/off-

loading activities.

Preservation, Packaging and Packing.

A systems approach shall be implemented for perfol_,ing the act.i.vJties

asso._i;:ted :,ith the {Jrotectio)l of___Tug Vehicle hardware, spares, GSE,

teolin._;, mul test equipment during movement and storage. Centralized

control shall be provided to elln:inate duplication of tasks and reduce

distribution costs. Preservation methods, packaging design, and level

of protcction will provide reasonable balance between cost and per-

forlnance. A description of the tasks follow:

a. Direct ;:Ii activities nece:;sa_y to develop and coordinate

prog.'cam preservation, packaging, _u_d packing.

b. I,'evei,:,:_ and dcsi_;n in-plant and in tra-l)lant handtin!,, devides

told coiltainers.

c. D'-'velop and issue ur;_wings for containers, ti.e-do_ns, loading

;,,d i_:mdthL,.,, instruct:ions, p:,_'t._ L_rotection, and h:,zaL'dous

material.

d. Prct)Jrc '_Frct>aratiu,,. I!or Oolivcry" sections of Specirication

Con t ro [, Sunrce L'olft rol, and l)e.; [_llI Procurcmcnt _il'a',.iillgs.

(: (/'or,_i_r_t._" .9acka!4.in,,.;, mind " ¢,• [J II,. ) /.ll'l(.l trnn-;portat_on )_u_ttet's



f. Develop m,d nmintain Pa¢._aRing a!_._dPrcs.crvation sections of _J

TraUsl>ortation Plml for the Tug Program.

g. Cunduct training courses oa packagis_g procedures for field

station presell'alien and t,ackaging pcrsomlel.

h. l]cvclop ano issue material and process specifications.

i. Interlace _'ith bkaintainability snc_ ;_Jintenanco /b_alysis for

detailed presez_,ation m_d packaging requirements.

j. PrcH_re and release iu-plant packaging and handling in,struc_io,_s.

k. Monitor subcontractor _u,d vendor packaging activities.

I. Coordknate Fackaging designs and instructions with engineering

and operations pcrsomiel.

,n. Identify and provide special instructions for hnndling, shipment,

and _torage or" program critical and hazardous hardware, suci, as

l_ockct motors. Release Special Protection Items [,is_ (SPIL).

n. Analyze environmental lmzards encountered ill hlu_tlting, tra_s-

portinp, n;_d storing ilnrdwzlre in losi:;tic5 pii_c]ine.

o. t?,evelop and ccai.,.,,n ligi_-',,'ei.gi_t contuiners for flight i:ardware,

fly-::xa)' kits, and test support e,,luipmcnt. "J

1'. Prepare a Storage Plun defining levels of protection for temporal7

zu_d long term storage.

q. Prepare and release Special Design Packaging drm¢ings for

tiaosc izcms presenting unu:;unl transl'.ortation and iaandling

prob t,,'ms.

r. [niti,-,te Packaging, H:mdling, _nd Transportation Record (PIHR)

for program critical and high cost items.
c

5. l,letcasc ins tnlct ions for implcmenting NASA Zero-D:w.tagcs-,on-

[_clivery (ZI'I)I))Pro_Irul!|.

t. Release special ilistlxlctions for markin? critical nnd dangcrotl_

matcri'lls.

u. l._.'v,_loppackagin>,., nlindliilg, and trm_sl_ortation records (PHTR)

per _.SFC-S'fD- 3.13.



Transportation Modes, Matrix and Cost Methodology

. The two major modes of transportation planned for the Tug Program are (1)

air and (2) truck. The air mode will employ Guppy aircraft to transport a complete

tug and cemmercial airfreight or us Air Force Cargo aircraft to transport Tug

hardware elements of lesser size than the complete tug. The air mode will be used

primarily for long distance movement and the truck/transportation mode will be

employed for short distance/local movement requirements. A transportation matrix

sho_ng the type of interfacility tra£fice is shown in Figure 11.4.3-i. The

transportation cost methodology is shown in Figure 11.4.5-2.
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INPUT DATA - PROGRAM OPTION I
m

FLEETIIZE: 13 ETR - I1 WllR - 2
m m m

TRAFFIC REQUIREMENT

INITIAL DELIVERIES

1 _ TUG SWITCHED WITH 1 W11R TUG ONCE EACH YEAR

GUPPY AIRCRAFT ESTIMATED ¢Q_r PER FLIGHT

LOS ALAMITOS NAVAL AIR STATION, CALIFORNIA TO KS(: - $25 K

( ONE WAY ) AND $(i0 K ( ROUND TRIP )

LOS ALAMITOS NAVAL AIR STATION, CALIFORNIA TO WTR - $6 K

( ONE WAY ) ANDS10 K ( ROUND TRIP )

_3=1 TO KSC - $215 K ( ONE WAY ) AND $60 K ( ROUND TRIP |

CR 143

COST CALCULATION

11 INITIAL DELIVERIES TO KSC AT $25 K / TRIP $ 275 K

2 INITIAL DELIVERIES TO WTR AT SiS K / TRIP 10 K

7 KSC TUGS TRANSFERRED TO WTR AT $2E K / TRIP 175K

7 _ITR TUGS TRANSFERRED TO KSC AT $2B K / TRIP 175K

TOTAL $ 636 K

NOTE:

1. LRU TRANSPORTATION COSTS INCLUDED IN DEPOT MAINTENANCE COSTS

2. IN1RAFACILITY HANDLING COSTS INCLUDED IN FACTORY / DEPOT AND

LAUNCH SITE OPERATING OVERHEAD

Figure 11.4,3-2. Transportation Cost Methodology

II" , oI



11.5 Facilities

This section describes the manufacturing and test operations and tug processing

facility requirements with cost data used in trades.

11.5.1 Manufacturing and Test

Manufacture and checkout of the Space Tug will be accomplished at the McDonnell

Douglas Astronautics Company, Huntington Beach, California, facility.

The Huntington Beach facility was planned anddesignedfrom inception to provide

fully integrated facility capabilities for space vehicles. Its buildings con-

sist of engineering and administration offices, a Systems Integration LaboratoNy,

Structural Test Laboratory, Space Simulation Laboratory, Production Test

Laboratory, Manufacturing and Assembly Building, Insulation Building, Final

Assembly ,and Checkout Building, and other service and support buildings.

Maximum utilization _rill be made of the existing MDAC and government owned

facilities used on the Saturn SIVB Orbital Workshop and other programs in

the development and production of the Space Tug. This will include but not

be limited to such MDAC facilities as the existing machine shops, sheet ,,_-_

s,hup_, _,ocess shops, _v_.___,_--+_--11_1--_nnie.____........._abrication and assembly,, and

supporting inspection and test laboratories.

A preliminary list of additional facility requirements identified at this time,

for each of the configurations are shown in Table ll.5.1-1 along with ROM cost

and procurement le_d time estimates.

Production testing (and checkout) will be done at Huntington Beach in existing

_aboratories of the McDonnell Douglas Astronautics Company facilities. These
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laboratories, designed and used for space vehicles, will require little or

no modification for use in the Space TuE ProEram.

Vehicle PTV tests will be conducted in test cell J4 of the AEDC facility at

Tullahoma. Test cell J4 provides an altitude simulation capability lacking

in the test facilities at Huntsville. Thermal tests of the vehicle will be

accomplished in the NASA High Vacuum facility utilizing an existing scaled

down and instrumented tank that will fit the 15 foot diameter chamber. These

government facilities are available at no cost or at a nominal fee depending

on the using agency (see Table |{._-I ).

ii.5.2 Operations Facilities

The requirement for Tug launch facilities at ETR will be satisfied with con-

struction of one new building (Figure 11.5.2-1), by modification and refurbish-

ment of existing buildings and by use of Orbiter facilities that can be expanded

or adapted to include Tug Service. (Figure 11.5.2-2).

At WTR, construction of a new Payload Processing facility (Figure 11.5.2-3)

together with use of proEra_ed Shuttle facilities exps_dedto satisfy Tug needs

will provide the support required.

11.5.3 Facility Costs

A tabulation of these facilities' status and cost is presented in Table 11.5.3-1

and in Facility Description sheets presented in Appendix II.10-F.
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Ground S_uppoz¢ Equipment (GSE)

The results of the GSE task include the detailed definition of the GSE,

quantities, price, development schedule, and GSE at each location for factory,

Eastern Test Range (KSC) and Western Test Range (VAFB) which are required

to support both NASA nnd DOD Tug missions. It also includes a definition

of equipment that is Government Furnished Equipment (GFE) which is

available from the Saturn and Delta program that is usable for Tug.

Overall Study/Program ObJgcttves '

The overall study/prog=amobJectives which relate to the GSE and software

tasks are to:

(1) Low design, development, test and evaluation (DDT&E) fort GSE and

software for Space Tug capability.

(2) Reasonable turnaround and checkout philosphy.

(3) Flexible GSE to checkout many confi&narations of Tug/spacecraft.

(_) Utilize GFE as much as possible to reduce overall cost and not

degrade checkout.

-.+_._.I_._ f_.. neTeloDment of GSE and Software
_'m_'_'ev_----_'ll#' '--'luln - nl 111 | , ....

The methodology for defining _he GSE and software required for each option

was defined as follo_s"

(i) Utilize the functional flows to establish equipment locations where

(2)

(3)

hardware is required.

Utilize vehicle hardvare description to establish type of GSE

required to checkout vehicle.

Utilize vehicle function list, schematic, and instrumentntion list has

established number of functions across vehicle/GSE interface and number

of functions to be monitored.

Sized the GSE to percentage of existing GSE from similar programs -

Saturn, Delta, and Skylab programs, Developed GSE hardware

descriptions. The costing personnel then took actual cost for GSE

hardware desc_iptions.

D
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(5)

(6]

(7)

(12)

Established a checkout philosophy similar to the Airline method

of checkout using trend data from previous missions.

Defined all interfaces and equipment required to checMout their

interfaces and developed hardware description for the GSE.

Developed factory, Tug Processing Facility, Payload Processing

Facility, Orbiter Maintenance and Checkout, and launch pa_icheckout

and GSE block diagrams. Developed AEDC and Integrated Avionics Tes_

flows and block diagrams.

Developed schedules for development of GSE and software.

Developed software development and operation task flovu.

Define all software programs required for checkout, maintenance,

and support programs.

Software personnel sized each program defining number of words of memory

required for each program. Multiply the memory vords times a certain-

dollar rate establish the cost for development of that pragram. These

programs were then compared to similar programs on the Delta program

to establish confidence in our software numbers developectfo_ this program.

Sustaining was established by sizing the number of memory vords that would

change as the vehicle confi_nAration changes. The same iterative process

was utilized. In some cases a percentage waslutilized by ouA'software

personnel best Judgement and experience from developing software

on similar programs under contract to HDAC.

We review the GFE from other programs and establish quantities, and type

available for use on the Tug program.

Tug Checkout Philosophy

A. Factory Checkout (post-manufacturing)

1. Tug/GSE Interface Test and Continuity Test -The electrical

interfaces between the Tugand GSE will be tested to veri_ tha_the

proper impedance exists looking into the Tug. (The GSEwill he

checked for proper operation by appropraite self-test procedures..)

The Tug's wire-harnesses will also be continuity tested to prove

correct wiring and electrical conluction. These tests will ba completed

before power is first applied. Purpose of these tests is to minimize



.

the possibility of vehicle damage due to wiring anomalies during

the ensuing power-on testing.

Subsystem Testing - This phase of the testing immlves any calibration

of components on the Tug that must be accomplished before power is

turned on. Power is then applied to vehicle buses and independent

subsystems sequentially energized and verified for proper power

consumption. Additional calibration of certain Tug components may

take place at this time.

Independent testing of each subsystem follows with tests designed

to detect failures of out-of-tolerance conditions down to the

Line Replaceable Unit (LRU) level. Individual measurements will

use the smallest tolerances which can be reliably measured which

indicate the proper function of any component. These tolerances

generally correspond to the tolerances stated in the component

specifications plus any measuring system uncertainty fi6ure.

!n ,._.e e&aes, complete subsystem checkout cannot be accomplished

during post-manufacturing testing because of the need for extraordinary

conditions involving cryogenic temperatures, propellant flow, engine

ignition, hypergolic fuels, etc. In such circumstances, testing

will be accomplished to the greatest extent possible using simulators

and/or software simulation techniques. It is possible that pre-assembly

testing of these components under proper conditions must suffice

until prelaunch conditions provide the necessary environment for

final component validation.

. System Testing - Once all calibration and subsystem testing are

complete, a system test in which all subsystems are turned

on and operated together will be performed. Special real-time

and off-llne data analyses will verify that no incompatibility

or interference situation exists. A generalized flight sequence

will be followed during this test.



Additionally, this test will provide a time for preliminary

flight software to be loaded and partially validated.

For a selected number of early Tugs, an EMC test will be run

in conjunction with the system test in order to obtain

sufficient data to determine effect of electromagnetic

radiation.

B.

Measurement tolerances for system testing will not be as

severe as those used for subsystem testing. The intent in

this case is to use the measurements to indicate proper operation

of total subsystems rather than individual components

or LRUs. Fault isolation during system testing may use

tighter tolerances, however.

Launch Site Testing

The testing which a Tu E receives at the launch area is essentially of

two classifications. The first class is the normal scheduled

maintenance and checkout which each Tug receives after each mission.

The other class is maintenance and checkout which was not scheduled

and is done because of data received from the Tug during flight.

This data may indicate hard failures or may provide additional

data points from which trend analysis can show imminent failures,

(Similar to Airline checkout philosophy).

I. Testing on Tugs which have Just returned from a mission - These

tests are performed in the Saline area and eonsit mainly of a

test of the fuel cells (program Option 2 and 3F only) before they

are deactivated. The Tug goes next to the Tug Processing Facility

where scheduled and unscheduled maintenance is performed,

re-validation checks are made, calibration and testing of the scheduled

calibration items is done, and an "all systems test" is run.

Measurement tolerances for these tests are similar to those of the

corresponding tests done during post-manufacturing checkout,

takin E into account any differences in measuring systems.



Whenthis testing is complete, the Tu 6 :a_- go into a s_orage

area for an indefinite len_h of time or it may continue

processing for immediate launch.

For those Tugs continuing processing, the next test aree_ wil3_

generally be the Spacecraf_ Mating Facility where the Tug

payload is installed. Checkout here will involve testing of the

Tug hardware and the interface which supports the payload.

The next test area is the Tu_-Orhiter Mating Facility where the

Tug is placed in the Orbiter cargo hay and electrically mated.

It is recoEnized that some launch situations will require

Tug-Orbiter mating on the launch pad. Th_ checkout performed

in either situation is identical. The flight software for both

the Tug and Orbiter-Tu_ checkout computer will be loaded, and

validated after mating. The Orbiter-Tu 6 interface will also be

functionally validated.

.

Final Tug hardware and software validation will occur on the

pad with a Simulated FliEht Test in which the flight software

and an integrated vehicle can together be used in a simulated

flight situation. Checkout tolerances will be those used in

flight except in certain cases where the ground computer

intervenes with special checkout or fault isolation routines.

This flight test is followed by propellant loading and the

final countdown. These procedures _nvolve a certain amount

of testing to insure proper loading, flight readiness,, etc.,

however, the testing is :_,_m,l and uses measuremen_ tolerances

which indicate go-no go situations rather, than. detailed

ccnponent calibration information. This status monitoring is done

through umbilical wiring, downlink readouts, and possibly a.

direct computer memory access capability.

Testing Tugs after storage - Tugs entering storage were.

essentially ready for payload matin, but because of the

calibration drift which occurs with time t a. full calibration and



verification cycle, including individual subsystem tests and the

final all aystems test, must be accomplished in the Tug

Processing Facility before payload mating. The subsystem tests

are necessary because subsystem data from the last flight

may no longer reflect the true Tug condition. These subsystem

tests will generally be identical to those used in post-manufacturing

chec,out except for differences made necessary by the checkout equipment

and facilities.

3_ Testing on New Tugs - These Tugs enter the Tug Processing Facility

and receive c_libration of those devices which require it prior to

each launch. An all systems test is then performed and the Tug

continues the launch preparation process.

It is assumed that new Tugs have Just completed post-manufacturing

checkout and therefore do not need full calibration and subsystem

testing. If there is any delay which exceeds calibration time limits,

a new Tug must he treated as if it had been in storage and undergo

full calibration and subsystem checkout.

II" 16



GSE - Option Summary

Option I Features:

(a) GSE is sized for fleet size of 13 vehicles for cradles, covers and

transporters.

(b) Guidance and Navigation checkout equipment GFE from Delta program.

(c) Battery checkout GFE from Saturn program.

(d) Factory GSE is shipped to VAFB to become launch checkout equipment

for one pad. Feasible since schedule delivery of 13 vehicles allows

enough time to accomplish this.

(e) Provide only one pad of GSE at VAFB since launch rates are low from

WTR and one set _f hardware can support program launch rate from_R.

(f) Utilizes maximum GFE from Saturn program where possible to support KSC.

Option 2 Features:

(a) GSE is sized for fleet size of 13 vehicles for cradles, covers, and

transporters.

(b) New Guidance and Navigation checkout equipment is required.

(c) flew fuel cell checkout equipment is required.

_dj New laser radar checkout equipment is required

(e) Factory GSE i_ shipped to VAFB to become launch checkout equipment for

one pad. Feasible since schedule delivery of 13 vehicles allows enough

time to accomplish this•

(f) Provide only one pad of GSE at VAFB since launch rates are low from

WTR and one set of hardware can support launch rate from _R.

(g) Utilizes maximum GFE from Saturn program where feasible to support KSC.

Option 3 Initial Features:

(a) GSE is sized for fleet sizes of five vehicles for cradles, covers,

and transporters.

(b) All other features are the same as option i.

Option 3 final features:

(a) GSE is sized for a fleet size of nine vehicles for cradles, covers

and transporters.

Cb) Features are the same as option 2 except two pads of GSE and provided

at WTR and factory set is available for depot maintenance or future

production. In options i, 2 and _ initial the factoiT set of hardware

//--,_,1 7



has been deployed to VAFB as the launch checkout equipment. In optio_:

3 you attain low DDT&E during the initial phase and still have GSE

developed during the final configuration to support any configuration

checkout and testing turnaround rate. The factory set can be

utilized for modification and development of future changes or be moved

to the launch site to enable faster turnaround at either KSC or WTR

as the situation warrants the higher launch rates.

°
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11.6.2 GSE Descriution Sheets

All GSE Description Sheets can be found in Appendix E, Section ii.I0.

11.6.3 Alternate Site GSE

Alternate Sites were eliminated by groundule and thus this section is not

applicable.



11.7 Maintenance/Refurbishment/Checkout "
|

• • •

Refurbishment/Reuse Philosophy

The ref_rblshment/reuse analysis is an essential part of the development

of a reusable space tug - one which is capable of performing the required type

and number of missions with the minimum DDT&E, Production and Operations costs.

The cost of reuse primarily depends on the magnitude and frequency of

refurbishment requirements and the flee_ size to which they are applied.

Therefore, a basic objective of this analysis is to determine means of

minimizing the refurbishment requirements over the program life. Reusability

Is _pressed as the number of reuses a Tug can achieve before reaching a

_int at which the original reliability level cannot be restored on the basis

_f technical or economic feasibility.

The MDAC refurbishment/reuse philosophy considers the Tug vehicle and its

subsystems capable of operating throughout the program life with refurbishment/

replacement of subsystem life-limited components as required. This philosophy

is based on the premise that the structures subsystem is the primary consider-

_tion in determining an optimum number of reuses. Structures analyses reveal

_o llfe limitation for this subsystem and include an evaluation of flight and

6round stress loads, fracture mechanics and structures materials. The other

subsystems-Thermal Control, Avionics, Propulsion and Orbiter Interface are

not life limited at the subsystem level; however all subsystems will experience

scheduled and unscheduled maintenance (M) and refurbishment (R) at the assem-

bly, component or lower levels of detail during the the life of the Tug

program. Table i1.7-i summarizes the Tug subsystem life limitations.

Each subsystem of all program options was examined to idantify its maintenance/

refurbishment characteristics requirements and associated costs per refurbish-

ment and over a spectrum of 20, 50 and i00 reuses. These data are shown in

_,7 -- zl
Tables 11.7-2 through -,_ The maintenance/reflurbishment cycle

functional flows are shown in Section 11.3.3, the time lines are contained

in Section 11.3.6 and the task descriptions together with the GSE and

manpower requirements are documented in Section Ii.3.7.

/'
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The number of reuses for subsystem components was derived from:

• Analysis of Tug subsystems and components

• Component manufacturer's recommendations regarding service life and

refurbishment criteria in terms of operating hours and cycles.

• Reliability predictions

• Engineering Judgement based on experience with similar equipment

designs.

Increasing the number of missions before refurbishment (reducing refurbishment

frequency) impacts _he DDT&E investment by establishing a requirement to;

• Develop/test long life components

• Develop/test high reliability components

In summary, no life limitations are evident at the Tug vehicle and subsystem

level; however, there are components with limited life at WBS level 6 and

below. These life limitations together with the associated refurbishment

criteria, frequency and cost are shown in Tables ll.Tel through_-imM_m_.

TugCheckout Philosophy

A. FA__mg__RY Checko_% (_n_st-manufacturin 6)

le

e

Tug/GSE Interface Test and Continuity Test - The electrical

interfaces between the Tug and GSE will be tested to verify

that the proper impedance exists looking into the TUg. (The

GSE will be checked for proper operation by appr?Priateself-

test procedures). The Tug's wire-harnesses will also be

continuity tested to prove correct wiring and electrical

conduction. These tests will be completed before power is

first applied. Purpose of these tests is to minimize the

possibility of vehicle damage due to wiring anomalies during

the ensuing power-on testing.

Subsystem Testing -This phase of the testing involves any

calibration of components on the Tug that must be accomplished

before power is turned on. Power is then applied to vehicle

buses and independent subsystems sequentially energized and

verified for proper power consumption. Additional calibration

of certain Tug components may take place at this time.

II- ....



Be

Measurement tolerances for _ystem testing will not be as

severe as those used for subsystem testin 6. The intent in

this case is to use the measurements to indicate proper

operation of total subsystems rather than individual component_

or LRUs. Fault isolation durin 6 system testing may use

tighter tolerances_ however.

Launch Site Testing

The testing which a Tug receives at the launch area is essentially

of two classifications. "The first class is the normal scheduled

maintenance and checkout which each Tug receives after each mission.

The other class is maintenance and checkout which was not scheduled

and is done because of data received from the Tug during flight.

This data may indicate hard failures or may provide additional

data points from which trend analysis can show imminent failures.

I. Testing on Tugs which have Just returned from a mission - These

tests are performed in the Safing area and consist mainly of a

test of the fuel cells (program Option 2 and 3F only) before

they are deactivated. The Tug goes next to the Tug Processing

Facility where scheduled and Unscheduled maintenanc_ is per-

formed, re-validation checks are made, calibration and testing

of the scheduled calibration items is done_ and an "all sys-

tem test" is run. Measurement tolerance_ for these tests are

similar to those of the corresponding tests done during post-

manufacturing checkout, taking into acco_tnt any differences in

measuring systems.

./

_/

When this testing is complete, the Tug may go into a storage

area for an indefinite length of time or it may continue

processing for immediate launch.

For those Tugs continuing processing, the next test area will

generally be the Spacecraft Mating Facility where the Tug pay-

load is installed. Checkout here will involve testing of the

Tug hardware and the interface which supports the payload.

11- 9.2



Independent testing of each subsystem follows with tests

designed to detect failures or out-of-tolerance conditions

down to the Line Replaceable Unit (LRU) level. Individual

measurements will use the smallest tolerances which can be

reliably measured which indicate the proper function of any

component. These tolerances generally correspond to the

tolerances stated in the component specifications plus any

measuring system uncertainty figure.

In some cases, complete subsystem checkout cannot be accomplished

durlngpost-manufacturing testing because of the need for

extraordinary conditions involvln 6 cryogenic temperatures,

propellant flow, engine ignition, hypergolic fuels, etc. In

such circumstances, testing will be accomplished to the greatest

extent possible using simulators and/or software simulation

techniques. It is possible that pre-assembly testing of these

components under proper conditions must suffice until prelaunch

conditions provide the necessary environment for final com-

ponent validation. ....

3. System Testing - Once all calibration and subsystem testing

are complete, a system test in which all s1_bsystems are turned

on and operated together will be performed. Special real-time

and off-line data analyses will verify that no incompatibility

or interference situation exists. A generalized flight

sequence will be followed during this test.

Additionally, this test will provide a time for preliminary

flight software to be loaded and partially validated.

For a selected number of early Tugs, an EMC test will be run

in conjunction with the system test in order to obtain

sufficient data to determine effect of electromagnetic

radiation.

(

//-- 2"z3



The next test area is the T_g-Orbiter Mating Facility where

the Tug is placed in the Orbiter cargo bay and electrically

mate_. It is recognized that some launch situations will

require Tug-Orbiter mating on the launch pad. The checkout

performed in either situation is identical. The flight soft-

ware for both the Tug and Orbiter-Tug checkout computer will

be loaded and validated after mating. The Orbiter-Tug inter-

face will also be functionally validated.

J

.

Final Tug hardware and software validation will occur on the

pad with a Simulated Flight Test in which the flight software

and an integrated vehicle can together be used in a simulated

flight situation. Checkout tolerances will be those used in

flight except in certain cases where the ground computer

intervenes with special checkout or fault isolation routines.

This flight test is followed by propellant loading and the

final countdown. These procedures involve a certain amount

of testing to insure proper loading, flight readiness, etc.,

however, the testing is minimal and uses measurement tolerances

which indicate go-no go situations rather than detailed com,

ponent calibration information. This status monitoring is done

through umbilical wiring, downlink readouts, and possibly a

direct computer memory access capability.

Testing Tugs after storage - Tugs entering storage were

essentially ready for payload mating, but because of the

calibration drift which occurs with time, a full calibration

and verification cycle, including individual subsystem tests

and the final all systems test, must be accomplished in the

Tug Processing Facility before payload m_ting. The subsystem

teats are necessary because subsystem data from the last flight

may no longer reflect the true Tug condition. These subsystem

tests will generally be identical to those used in post-

manufacturing checkout except for differences made necessary

by the checkout equipment and facilities.



o Testing on new Tugs - These.Tugs enter the Tug Processing

Facility and receive calibration of those devices which

require it prior to each launch. A_ all systems test is then

performed and the Tug continues the launch preparation process.

It is assumed that new Tugs have Just completed post-

manufacturing checkout and therefore do not need full

calibration and subsystem testing. If there is any delay

which exceeds calibration time limits, a new Tug must be

treated as if it had been in storage and undergo full

calibration and subsystem checkout.



//.7°/
Table _ (Sheet 1 of 2)

_qJG SUBSYSTEM LIFE LIMITATIONS

Subsystems/Components

Structures

• Fuel Tank and Support

• Oxidizer Tank and Support

• Body Structure

@ Thrust Structure

_, Meteoroid Shield

• Payload Interface

Thermal Control

• Fuel Tank Insulation

• Oxidizer Tank Insulation

@ Insulation Purge

Avionics

• Data Mana6ement System

• Guidance, Navigation
and Control

• Connnunicattons

• Instrumentation

• Electrical Power

• Power Distribution and

Control

Propulsion

• Main Engine

• Main Engine Support

• ACPS Engines

• ACPS Engine Support

Life Limiting Factors

None Evident

None Evident

None Evident

None _._1 dent

1MU re,lul re. rel'm'bishment after
2,000 houro

Tape record,,rs r_qulre refurbish-

m,..,ntafLer 1,000 hours

None Evldcnt

Prlmar_ Power and 'I_/CBatteries

are expendable -- Replaced after

each fli_,hL. Fucl cells require

roplacemcl,t after 5,000 hours.

None Evident

Category I and IIA RL-10 Engines

require refurbishment after

5 hours and/or 190 starts

None Evident

Mono-propellant thrusters require

catalyst bed replacement after

_,000 seconds burn time

None Evident

J
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//. 7-,.1
_l_ble _ (Sheet 2 ot 2)

TUG SUBSYSTEM LIFE LI/_TATIONS

Subsystems/Components

Orbiter Interface

• Structures

• Interface Panels

• Abort Provisions

Life Limiting Factors

None E_dent

1
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11.7.1 Maintenance Levels/Planning

The MDAC Space Tug Maintenance (_) RefUrbishment (_) Concept minimises M/_

z_qutrements vhile maintaining a satisfactory degree of launch on time proba-

bility together vith the required level of subsystem reliability to lussure

missions success. It is patterned a_ter the commercial airlines SOn Condition

Maintenance" philosophy vhich monitors subsystem health and thus precludes

_urranted maintenance and refurbishment on subsystems, assemblies, and

emeponents which are functioning properly. Subsystem health is monitored by

a combination of the following techniques:

a. Operational instrumentation data consisting of subsystem

performance measurements which are telemetered during flight

via ground llnk.

b. When the Tug is out of range of a ground trackln_ station,

these data are recorded on board for later transmission.

c. Post Flight/Receiving Inspection

do Automated subsystem checkout (ground) of those performance

@haracteristics not readily adaptable to inflight monitoring.

e. Use of onboard checkout capability for fault detection and

isolation.

Pandaaental to this concept is the definition of subsystem line replaceable

units (LRUs) to the lovest feasible level and the ability to fault isolate

to that level. The basic repair philosophy is the replacement of LRUs and

requires a maintenance/refUrbishment analysis that considers repair vs

throvavsy and the optimum level of repair of LRUs. A system of rotable

spares rill be employed vhereby a faulty LRU is replaced at the launch site

vith a servicable item from the spares inventory. The faulty item, if

repairable, is returned to the factory/depot for repair and is then rotated

back to the launch site inventory. This approach combines Bench/Shop

Maintenance and Depot Maintenance thus eliminating redundancies in high

dollar value GSE. The factory/depot repair schedule is made responsive to

launch site operations requirements.

The Maintenance/RefUrbishment (R/_) technical approach/methodology is not

sensitive to individual Tug configurations; however, the cost of an R/_

cycle and depot maintenance rill vary vith different configurations. These

variations have been expressed in the H/_ inputs to the cost model for each

configuration in terms of Manhours/(M/_) cycle, equivalent units of production

J

./

j"
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hardvare for operational spares and depot laintenance cost as a percentage of

&verage subsysten hardware @ost.

The definition of maintenance levels, naintenance planning methodology and

the development process for naintenan@e procedures and & complete maintenance

program is contained in Appendix B.

II-



11.?.2 Impact on Turnaround Cycle

The failures risk analysis and spares planning data discussed in Section

ll._.l have provided unscheduled maintenance predictions and indications

of the magnitude of launch risk.

J

Table 11.7-22 shovs the unscheduled maintenance man hours (_14) expected as

an average for a T_ turnaround cycle. These man hours are for LRU replace-

_ent and checkout in the Tug vhen the york is done in the normal maintenance

and refurbishment cycle. The dovn time is a function of manloadtng by the

p_:_ticular skills required. The use of highly reliable space qualified hard-

_e and proper qualification testing is essential to achieving a Tug design

_rlth this lov maintenance man hour capability. Figure ,_.Y./'s_s a

probability distribution for this unscheduled maintenance. The 90th percentile

value indicates the total MMH expected not to be exceeded more frequently than

10 out of lO0 maintenance and refurbishment cycles.

Predictions have been made for the risk of an anomaly occurring in the Tug

equil_nent during the period of integrated systems test and servicing prior

to Shuttle li_toff. (Ref. functions 2.1.7 through 2._._ as shorn in FFD,

5ectAon 11.3.3). The total risk for each subsystem vas divided into un-

Feliabiltty (risk of liftoff vith a degraded c_nponent) and risk of pad

loadout. The Tug risk of pad loadout is a function of subsystem verifica-

tion capability (risk of failure x % testable). The risk of pad loadout

prediction is 5 per lO0 launches. The peak risk period is during Tug ser-

vicing, resulting fr_ the operational stresses applied to instrumentation,

f_utd systems and activation of subsystem equipment Just prior to launch.

The unreliability at launch prediction is e probability, • unreliable Tugs per

1000 launches. This risk represents the share of prelaunch anomalies present

vhich are not detectable by the verification process. This lovvalue represents

the high verification capability expected from the combined Tug and Orbiter.

A trade study_a conducted to estimate the effect of reduced maintenance time

on these predicted performance values. L_ evaluation vas made for each

eOptions I and 3I only. Unreliability is O.OlO probability, lO _ugs per

100 launches for Options 2 and 3F.

II-
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function to estimate the effect 0£ reducing test hours _hich in effect vould

reduce the probability of finding faulty equipment early in the maintenance

and refurbishment cycle. The functions, total times and minimum considered

potentially feasible are shown in Table 11.7-23. In each case the results

of time reduction in one function was e_aluated for its effect on later functions.

With these reductions it is estimated to increase risks of pad loadout by 2_

and _ unreliability fivefold.

The increase to almost five unreliable Tugs per 100 flights indicates that a

serioud man hour reduction (31_) is not cost effective. Careful analysis

during design development may determine coat savings available in test time

or equilznent utilization to provide @oat savings without increasing un-

reliability.

(

I/" 71



f,4

_A



11.7.3 Effect on Logistics

The Logistics technical approach/methodology is not sensitive to Individual Tug

conf_gur&ttons; hoverer, the costs associated vtth the dollar value of &

logistics inventory rill vary vt_h the design co=plexity of different con-

£igurations. The transportation costs are Indirectly influenced by configura-

tion, but only as a function of fleet size. The tratntr_ and inventory control

and varehousing functions are relatiTely Insensitive to configuration differences.

Variations in dollar value of the logistics inventory have been expressed in

the Hatntenance and Ret_arbts_nent inputs to the cost model.



ll.7.h Tu_/Payload Integrated Checkout

T_e Tug/Payload Integrated Checkout will he performed as follows at the

locations indicated.

TPF

le Connect payload simulator to Tug and verify wiring and electrical

load inputs using Tug Data Management System.

PPF/TPF

1.

2.

3.

Perform continuity check on Tug prior to mltingwith payload.

Mate payload with Tug.

Radiate payload through Ground Telemetry Station and readout

telemetry.

HCF

le

2.

3.

_e

Check electrical interface between Shuttle and TUg payload.

Load software into Mission Payload Specialist's console.

Perform integrated systems test with payload, TUg and Shuttle all in

the loop.

Radiate telemetry to Ground TM Station via either open or closed

loop and readout telemetry.

j/t

b._s

¶ •



11.7.5 0nboard vs Ground Checkout -- Program Option 1 and 3I

On_oard checkout is cost effectiye, even though the operations benefits are

$ero, the large manpower required due to the larEe manpower requirements

necessary to support the Tug/Shuttle function at the launch sites. If the

Shuttle/Tug f_nctions weren*t a constraint, there _uld be an even greater

savings due to the add/tional personnel required at each TFF and launch site

to operate the additional GSE.

Other advantages of onboard checkout not reflected in the cost estimates

Include:

&.

b.

Ground and _ission flexibility and reduced Tug dependence on the Shuttle•

Less cost impact to chan_es (ECPts) that affect the Tug vehicle and

which would f_urther result in changing all sets of GSE.

The GSE description sheets define the additional GSE required and their

associated costs which total $9.65_M of which 3.08 is additional DDT&E cost.

The vehicle cost consists of developing a sel£-checkout capability in the Star

Tracker, additional w_ring and the addition of (_) _4U's. The Built-In Test

Equipment consists of self check capability in the S_gnal Conditioning Unit,

Response Unit and Remote !_ultiplexer .and a manual self-check capability in the

Data Control Unit and System Control Unit. Additional checkout software are

/

also requir_d.

The MDAC onboard checkout philosophy utilizes the wehicle DHS system and

checkout software to perform f_uctional vehicle checkout and fault isolation



to the LRU level with minimal GSE support. The onboard checkout capability is

achieved through a combination of built-in/centralized test equipment. The

EMS requires access to those parameters required to support lnflight redundancy

m_nagement. In flight redundancy management refers to the process of fault

detection and isolation to the level at which redundant components can be

InrLtched. "Checkout only" parameters are those required to fault isolate to

the LRU level. The definition of "checkout only" parameters is a function of

the actual flight software logic and is therefore rather subjective at this

_t_e. The "checkout only" parameters would also be av_ilahle in flight but

mof_ware is not included in our esti_te to perform in flight fault isolation

to an LRU level unless required to support redundancy man_ement.

The degree of built in versus centralized versus ground test equipment is

_i_tated primarily by existing designs, feasibility, effect on reliability* and

development cost.

The increase in vehicle cost is due prinarily to the development of BITE

p_rticularly Sn the D!_S which is a new design. The cost of additional

lnter£ace channels is negligible since these units must be developed in any

cue and the parameters normally exist on test connectors nlthough some

additional sisnal conditioning may be required.

The increase in weight is due to the additional DMS interface units requ/red less

the additional wire required to route the checkout parameters to these connectors

panels. (NOTE: Test connector panels may not be required for some electronics

_oxes since access to the box test connect_r may be available in the forward

skirt. }
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GSE DESCH I}'TI0:Is}!r.P."_

_OGRAM urA_u,. •

IIA'4E: C0ta4AND RESP011SE UI_IT
, |

EDUI E.IH'T IIO.

I_IC?IONAI, _.....UIR_].IEI_(.,):

This unit shall _enerste hardline stimuli for testing. Tu_ hardvar_ and rill b_

.a_le to transfer Tu_ signals from the TuK to the di._ital portion o_f the OSE

checkout system.

E_UI_¢:EI;T DI_3CRIPTI011:

This unit Is composed of 2 SCUs, 8 PCUs, 2 DCUs, 16 I_fJs, _0 connectors,

termlnal board assemblies, and 9500 wire terminations. Similar to DSV-hB-130.

$ io050o000 . (DEVELOPM_IT COST)

$ 23o.00o (_XT COST)

ERUIPI:EI:T CATEGOR":

NI_4 X MODIFIED AS IS 50_ of DSV-hB-130

IST YEAR REQ'D tKrt.tB _I_RAVAIIABLE

F,QUIP;.IEI_TUTILIZATION:

FUI_CTIO::AL

FLOW BLOCK

I_UM..]ER

sm_ (rP_')

z_ (_u:.[c,_Pro)

wm (_F)

WTa (LAU_C"PA_)

FACTORY

1

1

1

I

TOTAL REQUIRED 6 TOtaL COST $ 2,_30,ooo



GSE DESCEXPTiON SH_J-F.

PROGRAM OPTION 1 ara 3."

RA.ME: GRO_ID EQUIPML'T? TEST SET _ E_.UI_4E]'T NO.

FUNCTIONAI, R...,.UIR--.,'EI,.(o)"

The Ground Equipment Test Set shall provide an overall check of the GSE system

when the Tug is not connected. The _est set shall verify the satisfactory

operation of that portion of the GSE not verified by self test programs.

EQUI_4EI';T DESCRIPTION:

I patch panel (i000 pts), 35 connectors, test point panel (200 TP), terminal

board assemblies and 8500 wlre terminations similar to DSV-hB-132.

i

$ ,i _660,.000

$ 373 LOGO

(DE','_LOP:,'_TCO_)

(_IT OOS_)

EQUIPNE::T CATEGORY :

NEW x MODIFIED AS IS 30% of DSV-hB-132

IST YEAR REQ'D I_.._'.._ AVAILABLE

EQUII'MEI_T UTILIZATION:

I_JNCTIONAL

FLOW BLOCK

N_4BER

LOCATION

REOUIRED

NI_4BER

REQUIRED

•EI_I_(LAUNCH PAD) 1

ETR (LAUNCH PA!).)

,,u_...(_F)

I °

1

1

_ (LAU:._CHPAD) 1

1FACTORY

TOTAL REQUIEED 6 TOTAL COST$ 3,898,000

II- 7"/



• PROGR_'4 OPt'I0:: 1 _._ *"

OSE DESCIiIPTZO:I SHER_

NAME: INTERFAC E J trN,CTION BOX ..... mUI]_41_:T IIO.

FUIICTIONAI, DE.'UIR_I.'T(S) :

This unit provides vehicle circuit protection and the patching interface

betveen the Tug and the GSE.

_ay___nc%_.pn box conststin_ of' test point panels, fuse and circuit breaker

_ls, patch panels1 and terminal boards. Similar to DSV-7-100A3.

EQUIPV,EI:T CATEGORY:

N_..'N X

$ 350,,000

%. _3,ooo

IST YEAR REQ'D

EQUIP:4EI_T UTILIZATION:

I_UNCTIO_;AL

FLOW BLCCK

NUMBER

MODIFIED

TOTAL REO UI R.r;D

(DEVELOPME_ COST)

(_z_ cos_)

AS IS

l_74Bl_ AVAI IABLE

30g of DSV-7-100

LOCATIO:_

RF/)UIRED

(LAUNCH PAD)

_R (TeF)

wn_ (_rca PAD)

FACTORY

TOTAL CO._T$

1

.

I

I

I
i

1

3,108,000

J

J
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PROGRAM OPTIO:: "...-.d

GSE DESCF.IPTIO:: SHE J-IT

RAME: CABLE NETWORK KIT EQ.UIF..I_:TNO.

FUNCTIO_,%I, RE_UIR_.,'E|._,(S):

This kit rill provide all electrical interconnect cables for connection of the

Tug umbilical and black box test connectors to the Interface Junction box and

for connection of the Junction box to the Tug checkout GSE.
m • ,

• ! , , ,, , , ,, ,, ,

o.

E_UIE-:_;T DESCRIPTION:

This unit is composed of the folloving cable ty_.es: 5 four pin power cables,

thirty 60 pin cables, and five 39 pin cables.

$ 20,000

$_ 23ooo0.

(_Pz_n cosT)

(._I_cosT)

EQUIP;'EL'T CATEGORY:

N_ X MODIFIED AS IS

IST YEAR REQ'D , I_._E_ AVAILABLE

EQUII_4EI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_4_ER

LOCATION

REQUIRED ' REQUIRED

(TPF)

ETR (LAUNCH PAD)

1

I"

(LA_CH PAD) 1

vm (m_;cH PAD)

1

1

1

TOTAL REQUIRED 6

FACTORY

TOTAL COST $ 218,000



_.T.5 Onboard vs @round Checkout -- Program Option 2 and 3F

Onboard checkout is "cost effective, even though the operations benefits are

zero, due to the large manpower requirements necessar_r to support the Tug/

_Rmttle function at the launch sites. If the Shuttle/Tug functions weren't

a constraint, there would be an even greater savings due to the adGltiona£

personnel required at each TPF and launch site to operate the additional

GSZ_

_her advantages of onboard checkout not reflected in the cost estimates include:

a. Ground and mission flexibility and reduced Tug dependence on the

5hurt 1 •.

b. Less cost i_pact to changes (ECP's) that affect the Tug vehicle and

which _uld further result in changing all sets of GSE.

The CSE description sheets define the additional GSE required and their

usociated costs which total _12.872M of which 4.10 is additional I_DT&E cost.

The vehicle cost consists of developing a self-checkout capability in the Star

Tracker, additional wiring and the addition of (4) _U's. The Built-In Test

Equipment consists of a self check capability in the Signal Conditioning Unit,

Response Unit and Remote Multiplexer, and a manuel self-check capability in the

Data Control Unit and System Control Unit. Additional checkout software are

also required.

The _AC onboard checkout philosophy u_llimes the vehicle _ system and

checkout software to perform functional vehicle checkout and fault isolation

to the LRU level with minimal GSE support. The onboard checkout capability i_
J

//.



&chieved through a combination of built-in/centralized test equipment. The

DMS requires access to those parameters required to support inflight redundancy

management. In flight redundanc7 management refers to the process of fault

detection and isolation to the level at vh_ch redundant components can be

switched. "Checkout only" parameters are those required to fault isolate

to the LRU level. The definition of "checkout only" parameters is a function

of the actual flight sol,rare logic and is therefore rather subjective at this

time. The "checkout only" parameters would also be available in flight but

softvare is not included in our estimate to perform in flight fault isolation

to an LRU level unless required to support redundancy management.

The degree of built-in versus centralized versus ground test equipment is

dictated primarily by existing designs, feasibility, effect on reliability, and

development cost.

The increase in vehicle cost is due primarily to the development of BITE

particularly in the _4Svhich is s new design. The cost of additional inter-

face channels is negligible since these units must be developed in any case

and the parameters normally exist on test connectors although some additional

signal conditioning maybe required.

The increase in veight is due to the additional _S interface units required

less the additional vire required to route the checkout parameters to these

connectors panels. (DOTE: Test connector panels may not be required for

some electronics boxes since access to the box test connector may be available

in the forvard skirt.)
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CSE DESCP._PTI0:! SIW.E?

I/AME: COM_D RESPONSE UIIIT E_UI _.IP_:TNO.

FUNCTIO!_AI, RE_UIR_::_.I_(S) :

This unit shall generate hardline stimuli for testing Tug hardvare and will be

able to transfer Tug signals from the Tug to the digital portion of the GSE

checkout system.

EqUI_-:ENT DESCRIPTION:

This unit is composed of 2 SCUs, 8 PCUs, 2 DCUs, 16 I_4Us, kO connectors

terminal board assemblies, and 9500 wire terminations. Similar to DSV-hB-130.

EQUIP|._]:I:T CATEGORY:

N_7._ X

IST YEAR REQ'D

EQUI!'I_E!_TUTILIZATION:

FUNCTIONAL

FLO_.;BLCCK

N_4_ER

$ 1,399,6_0

$ 306,590

(DEVEIDPMK_TCOST)

(tmZ_cost)

MODIFIED

_j_,_1._AVAIIABLE

LOCATIO:!

REOUIRED

mm (.zez)

_TR (LAV:._CHPAD)

zrz (u_tnrcHPAD)

WTR (LAIEJCH PAD)

TOTAL RFQUIRP:D

FACTORY

AS IS 50_ of DSV-hB-130

6 TOTAL COST $

1

i-

1

1

1

1

3,239,190

$



GSE rs_,_rl,I1,"_'"_,._,..:_. ,_., SHL,_,_"

NAME: GI:DUND EQUIPME_ TEST SET E'_UI _.| F]:'P l]O.

FUNCTIONAl, ._E_UI _:: _I_ (S) :

The Ground Equiu_ent Test Set shall provide an overall check of the GSE sys_e_

when the Tu£ is not connected. The test set shall verify the satisfactory

operation of that portion of the GSE not verifSed by self test programs.
_ ,n,

, , • , .......

_UII_,-!ENT D_SCRIPTI0:!:

_ch. panel (i000 pts), 35 connectors_ test point panel (.E00 TP), terminal

_d _ssemblies and 8500 wire terminations similar to DSV-hB-132.

_QUIPMEI:T CATEGOR" •

NF_ X

IST YEAR REQ'D

EQUIPMENT UTILIZATION :

FUNCTI 0.":AL

FLOV BLOCK

N_4BER

|,

TOTAL RE:QUI_P.D

$ 2,212,780,

$ 1_97.209

(D_"_ELOPM_T COST)

_(u n cos )

MODIFIED AS IS 30% of l_V-hB-132

_ NUI'4BI_ AVAIIABLE

LOCATI3:; NI_.._.BER

REOUIRF:D RD0.UIRED

(LA_'CH PAD}

( m cH PAD)

1

I-

i

I

I

I

PAD)

FACTORY

TOTAL COZT $ P,196,03]=

J



GSE DE_.:I. TIO.I SHE._.'T

I_A'4E:lq_f_ACE JSq_CTION BOX ED.UIn.1FI:TII0.

FUNCTIONAl, 9E_UI RE,mr_ (s):

This unit provides vehicle circuit protection and the patching interface between

the Tug and the GSE.

EQUI_.'ENT D_SCRIPTION:

TWo bay Junction box consistin_ of test point pan_els, _se and c!rcu.it breaker

panels, patch panels t and terminal hoards. Similar to DSV-7-100A3.

(

$ _66,550

$ 390,569

_-QU_P,.:m;TCA_EC,OR'.."".

IST YEAR HEQ'D

EQUIP'4EI;T UTILIZATION :

I_NCTIONAL

FLOW BLOCK

N_24SER

TOTAL REQUI E.T:D

FODIFIED

_UMBER AVAILABLE

LOCATION

REOUIRED

AS IS

6

{LAUHCK PAD) 1

mm (LAL",_CHPAD) 1.

mm (_') 1

wr_ (TPF) 1

wn_ (r,A_C_ PAD)

FACTORY 1

TOT/,L CO_'.,' $ _',809,96_

//- 7



GSE DESCI{_}'TIO:ZSF.EE_

llrA._: CABLE RiT.'ORK KIT

IrUNCTIONAI, ._UIRE_,_.h_ (S) :

This kit will provide all electrical interconnect cables for connection of the

Tug umbilical and black box test connectors to the interface Junction box and

J

for connection of the Junction box to the Tug checkout GSE.

, i ,= |-- _ __m ,m

_UIH_ENT DESCRIPTION:

This unit is composed of the follovin_ cable types: 5 four pin power cables,

thirty 60 pin cables, and five 39 pin cables.

(D_P,_EI_T COST )

_ (u_ corn')

TOTAL REQUI_D 6

MODIFIED AS IS

t_J_.._ER AVAIIARLE

RF_.UIRED RID.UIRED

_ (mUniCHP_) _" ,,,

ET_ (LAU:_CHPAD) i

WTR (TPF) 1

wa (_U:.rCHP._) 1

FACTORY I

E9O,55_

/I.



11.8 Tug Fleet Size

11.8.1 Active Tug Fleet Size

The active Tug fleet size is summarized in Wigure 11.8.1-1.

11.8.2 Total Program Fleet Size

The Tug fleet sizing analysis was based upon the flight schedule developed as

a result of the mission accomplishment analysis (as reported in Volume 4).

The capture analysis identified the flight by flight mission accomplishment.

With the flight schedule and associated flight mode and the effect of reli-

ability, the fleet size necessary to carry out the activity was developed.

The total program fleet size is 13 vehicles of which 2 must be available in

the year of IOC.

11.8.3 Factors Influencing Fleet Size

Table 11.8.3-1 shows the schedule of flights per year by Tug I.D. number. At

the top of the chart, the number of flights per year is shown and the number

of Tug expendable flights. The number of Tugs required can be established by

first determining the number of Tugs necessary to accomplish the 1990 require-

ments and working backward from that point. The maximum number of flights any

Tug can perform in a year is established first by summin_ the Tu_ ground turn-

around time and the mission time which results in the minimum mission turn-around

around time. In Option i the _round turn-around time is 26.7 days and the

average mission time is 1.7 days. The mission turn-around time is thus 28.4.

The maximum number of turn-arounds in a year is then 12.

Using this number and assuming that the maximum number of flights that an

expended Tug can make in the year that it is expended is 6 (one-half the

maximum turn-around in a year), the fleet of 3 for 1990 is established. Workin_

backward from there it can be seen that in 1989 the three expendable require-

ments and the necessary in 1990 make up the inventory requirement. The

resulting data show that to carry outthe operations a total of i0 Tugs are

required during the program.

II- ?
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Added to the flight schedule requirements are the requirements to replace Tu_s

which have been lost due to in-flight failures. By ground rule these are 1 _or

each I00 flights which results in 3 additional vehicles required in Option 1

pro_r am,

The major influence on fleet sizing is the number of expendable Tug missions

required. If, for example, no expendable missions were required the required

fleet size could be reduced to six vehicles including reliability losses.



Flight Tests

The first produced Tug will be equipped with special

in support of the followlngobJectives:

a. Propellant settling.

b.

C.

de

e.

f.

g.

flight test instrumentation j-

Propellant utilization.

Propellant feed_line and engine thermal conditioning.

Propellant conditioning.

Zero-g heat transfer.

Avionics cold plate temperature stabilization.

Vibration levels of selected critical installations.

Information will be obtained from this instrumentation during the first two

flights flown by this Tug. The flights will carry spacecr&ft for orbital

placement in the event NASA is the procuring agency. These flights are

dedicated test flights, however, for a DOD procured program.

Disposition of Flight Test Vehicle following termination of the second flight

(NASA program) the flight test instrumentation will be re_oved and the Tu_

processed through a normal turnaround cycle. This Tug will then continue

normal operations within the fleet. In a DOD program, data from the flight

tests are a part of the total data considered by the DSARC. Durinm this review,

this Tug will continue to fly, carrying spacecraft for orbital placement, until

such time as inclusion in the fleet is ordered. At this time, the instrumenta-

tion will be removed and the Tug processed through a normal supporting turnaround

cycle.

Figure 11.3.2-2 is the schedule for this flight test operation, Figure 11.3.2-3

depicts instrumentation removal time requirements and turnaround cycle time

lines can be found in Section 11.3.6.



has been deployed to VAFB as the launch checkout equipment. In option 3 you

attain low DDT&E during the initial phase and still have G_E developed durin_

the final configuration to support any confi_xration checkout and testing

turnaround rate. The factory set can be utilized for modification and develop-

ment of future changes or be moved to the launch site to enable _aster turn-

around at either KSC or WTR as the situation warrants the hi_her launch rates.

11.6.1 GSE Description Sheets

All GSE Description Sheets can be found in Appendix E, Section II.i0.

ii. 6.2 Alternate Site GSE

Alternate Sites were removed from the study by ground rule and thus this

section is not applicable.
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11.9 Cost Data

The ground operations have been analyzed and costed in two separate '_reakouts"

of the elements involved. The first breakout is the standard Work Breakdown

Structure for the study, as defined by the Government and included in the cost

analTsis program. The second breakout is the "standard numbering system for

tasks identified in the functional flow di_rams ," as provided by the Govern-

merit and included in all the ground and launch operations analyses conducted

in the study. These two breakouts are correlated in Table 11.9-1 to indicate

the MDAC approach to resolution of the apparent discontinuities between the

two accounting methods.

The ground operations cost data are provided on Table 11.9-2, as developed for

both ETR and WTR (where applicable). These cost data are listed in agreement

with the ground and launch operations numbering system and organization of

Section 6.11 of this document, as shown on the left half of Table 11.9-1.

The costs presented are a direct function of ground crew size and how man-

power utilization is optimized. Accordingly, to help substantiate the cost

estimates, trade study sheets for Determination of Ground Crew Size and

Innovative Ground Operations Techniques are included. These sheets also are

in response to action items 95 and 97.
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DEfrERMINATION OF GROUND CREW SlZE (_CT{OIk_ |_E]_.I e--4._

The methodology of ground crew sizing for the cryogenic Tug basically consists

of a ten step process. Each process step is described below and illustrated

in Figure I.

STEP i: FUNCTIONAL FLOWS

For each Tug vehicle configuration option, top level functional flow

diagrams were developed to reflect the operational requirements of the

following items;

Flight Requirements (NASA/DOD)

o ETR launch

o WTR launches

Flight Composition

o Tug (_slc)

o Tug with Kick Stage

STEP 2: TASK DESCRIPTION SHEETS

For each function identified in the functional flow diagrams of Step i,

a task description sheet waw constructed. The title, objective, purpose,

location, required equipment, manpower and interface requirements for each

functional task is specified on these sheets and are a prerequisite to

the development of timelines and manloading.
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STEP 3: SifTS.S!(DEFINITION "

individual sub,asks _nd their respective m_npower alloc=tion required to

accomplish each functional task were defined utilizing the task description

sheets of Step 2 and their timelines to determine the overall time required

for each functional task.

STEP h: I._SSYON k'ODEL _/IALYSIS

The mission model for each Tug vehicle configuration option was analyzed

for each launch site with regard to number of launches, user (NASA and DOD),

flight composition, and mission type (deployment, round trip, etc.) The

predominate Tug mission was then selected for detailed analysis and develop-

ment of task timelines and sequences, and ground and launch operations

manning requirements.

J

STEP 5: TASK TY_LINES AND SEQUENCE D_/ELOP_2_

Based on the predominate Tug mission selected for each Tug vehicle configura-

tion option in Step h, the appropriate f_nctionsl task time!ines developed

in Step 3 were assembled on a sequential hour by hour basis in a manner

consistent with the functional flows for each respective 'i_agoption.

STEP 6: Tu._;AROUL'D TI_._.S

Tu_ turnaround times were determined and top-level operational bar-chart

flows were developed for each Tug configuration option based on the assembled

timelines of Step,5.

STEP 7: SMILL PER SHIFT D_-'T_._R.._._NATION

The task tlmelines of Step 5 were evaluated on a task per flight basis and

appropriate m_npower skill requirements were optimized utilizing skill sharing

techniques where possible.

STEP 8: MAXIr.?24vs. r,M2_DATORY SKILL BREAKDOWN

A skill per shift matrix .was developed for each Tug vehicle configuration

option utilizing the data derived in Step 7 in order to determine the

m_xi_um skill breakdown requirements and the mandatory skill breakdown

_J



requirements during those sh_ts vhose operations are constrained _y the

Orbiter ground processir_ schedule.

STEP 9: MANPOWER vs. FLEET SIZE DETERMIHAT!ON

Based on the required on-orbit time and the turnaround time derived in

Step 6 for each Tug option, liftoff to liftoff times vere determined and

the active Tug fleet size for any required launch rate vas derived.

Manpower levels for each required skill were then assigned on a per-shift

basis accordinglT. _

STEP 10:

Utilizing the data generated in Step 9 and the number of required launches

per year as specified in the traffic model for each Tug option, a total

manpover per skill per shift per year matrix was developed.

The crew size for each Tug Option is attached.
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INNOVATIVE GROUND OPERATIONS TECHNIQUES

(, Ar-.TIO_IO ,'I'EM q73

I MDAC APPROACH

Eleven Tug engineering personnel are mandatory during certain Tug prelaunch

operations which are time constrained due to Shuttle ground processing schedule

requirements. Evaluation of manpower requirements indicates however that

during turnaround shifts during which engineering personnel are required,

eleven engineers are required only five percent of the time. During the other

seventy-five percent of the time, a maximum of nine engineers is only required.

II MDAC POSITION

For those program years requiring four Tug launches per year or less, a field

engineering staffing of nine engineers is adequate if, for the five percent

of the time when eleven engineers are required, two "home plant" engineers are

provided TDY during the five percent peak periods when eleven engineers are

required.

lII RATIONALE

Program years during which less than four Tug launches per year are listed below:

TUG PROGRAM LAUNCH

OPTION YEAR SITE

i 1980 ETR

i 1984 WTR

I 1986 WTR

i 1988 WTR

i 1990 WTR

3 1980 ETR

The savings of two engineers during these program years can be equated to

$384,000 for Option i and $76,800 for Option 3.

IV IMPACTS

Providing home plant engineering personnel to the launch site on a TDY basis for

limited periods during program years having launch rates of less than four per

year does not impact Tug operations and has precedence on current launch vehicle

programs.



Q

Operating in this fusion during program years having launch rates greater than

four per year is however neither economical nor efficient.

If.- 11



Appendix A - Trade Study Results

The operational trade studies are reported in the appropriate section and no

"appendix" type material was generated.



APPENDIXB .

MAINTENANCE PLAN

MAINTENANCE

The contractor shall develop a maintenance program that provides optimum Tug

System support at the test and launch sites. The maintenance program will

have as its objective, a minimum expenditure of support resources over the life

of the program. The maintenance concept shall be based on the airline philosophy

of on-condition maintenance which m_nimize performance of maintenance tasks on

a specific time interval basis. The contractor will develop the status mon-

itoring and failure prediction techniques necessary to employ this concept.

A fault isolation capability to a line replaceable unit (LRU) level will be

developed, making maximum use of onboard checkout equipment. Wherever feasible,

GSE requirements analyses shall recommend the use of multi-purpose test equip-

ment. A maintenance plan will be prepared defining the types and levels of

maintenance, maintenance cycle, maintenance organization and maintenance con-

trol functions. A maintenance analysis will be conducted to determine main-

tenance resource requirements for system, subsystem, LRU and component level.

During the maintenance cycle, the primary method of system and subsystem

repair will be removal and replacement of LRUs. An optimum repair level

analysis will have been completed to determine the most cost effective repair

location for each LRU. The interface of the maintenance function with the other

elements of integrated logistics support will be defined.

Maintenance Plan

Prepare a maintenance plan that identifies the analysis and planning necessary

to provide a program consistent with airline policies and practices. In order

to develop the maintenance plan it is necessary to identify maintenance con-

cepts, policies, constraints and requirements. As nearly as Possible the

maintenance functions of the reusable Tug are related to present airline

practices as developed through operating experience and modified to meet Tug

needs.



The plan shall specify the approach used for maintenance support of system

maintenance, including such elementsas implementation of on-condition mainte-

nance, launch site maintenance policies and practices, Joint operational and

maintenance personnel utilization, vertical and horizonta!vehicle maintenance

groundrules and distinction between LRU, maintenance significant and nonmainte-

nance significant hardware categories. Establish the program authority for

these plans, and the manner in which they will be maintained current with

program development.

Organization - The Maintenance Plan shall describe the maintenance engineering

organization that will plan, establish, perform and control maintenance support

of the Tug system. The Plan will also define the program authority of the

Maintenance organization, and its relationship to other program organizations;

e.g., reliability, test, safety and maintainability.

Maintenance Analysis

Define the type and content of maintenance analyses required to establish

Level I, II & Ill maintenance requirements, inspection schedules, maintenance

turnaround cycles, GSE, facility interfaces, potential candidates for inflight

maintenance, and cost effective procedures. Describe integration and time-

lines of the maintenance analyses with other Tug program analyses and events.

Describe the approach for the utilization of the maintenance data file that

enables storage and rapid retrieval of categorized information. The require-

ment to evaluate field collected maintenance data, and to establish corrective

action for apparent problems shall also be considered in the analyses.

The maintenance analyses are performed to identify the system, subsystems and

components that require, preventive and/or corrective maintenance. It is based

on a systematic analysis of the hardware design to determine the time required

to perform each maintenance action and the requirements for specific equipment,

facilities, personnel, spares and technical documentation. The analysisis

the basic element used in establishing a continuous maintenance program.



Maintenance Analysis Format

The maintenance analysis system will _e identified and discussed in detail

under this heading of the Plan. The technique for tabulation of the data com-

piled requiring analysis will also be discussed in this section. Instructions

for completion of and format samples of the analysis work sheets will be pro-

vided. Format of the work sheets shall be mutually acceptable by both the

Government and the Contractor.

Maintenance Support and Control

Describe the test and operational phase of Tug maintenance control that is

required to control and administrate maintenance support operations, (e.g.,

schedule maintenance activities). The Plan shall describe the approach used

for the formulation, conduct and authority of the organization, and the

optimum physical locations. Define the relationships of the organization with

other field organizations, including the operational contractor, giving special

attention to the common utilization of personnel for operations and maintenance

q

requirements.

Reports of flight test and operational maintenance actions will be evaluated

to determine the degree of effectiveness of maintenance support operations.

Describe the approach to be used in the development and implementation of the

Tug system data collection program (such as AFSM 310-1, SSD Exhibit 66-1) that

encompasses preparation of action reporting forms, field data collection, data

evaluation and development of improvement recommendations, whenever applicable.

Identify program needs for the collected field data and describe the using

agencies plans for maximum programbenefits through this effort.

Types of Maintenance

The total system maintenance requirements will be evaluated and segregated in

specific types of maintenance, i.e., Postflight, Preventive, Corrective and

Calibrati_n. A detailed discussion of the application of these types to the

Tug system will be provided in the plan.



Types of Inspection

It is anticipated that several categories of inspection will be required,

e.g., Acceptance, Preflight, Postflight, Phased, Special Inspections. Each of

these categories will be discussed in the plan to show how each is applied

to the maintenance program and what each category of inspection is intended

to accomplish.

Levels of Maintenance

• Three levels of effort will be used in support of the continuous

maintenance program:

First - Actions accomplished directly on the vehicle.

Second - Actions accomplished, in support of first level, off the

vehicle in shops or areas located at the Factors-/depot.

Third - Actions accomplished, in support of first and second levels,

requiring specialized skills and equipment.

A detailed definition of each level will be provided in the plan, so that it

maybe used as a reference when making maintenance level assignments for

repairable hardware.

Maintenance Philosophy and Concepts

Through evaluation of the analyses, trade-offs and liaison actions, specific

maintenance philosophies and concepts will be developed for individual end

items, components, assemblies and subassemblies. Such concepts as the follow-

i_ will be included:

• The maintenance prog;amwill consist of a structural sampling inspec-

tion schedule, a preventative maintenance schedule and corrective

maintenance based on the ON-CONDITION concept.

• Corrective system maintenance will be removal and replacement of

failed components. •

• Application of maintenance status annunciators, maintenance and flight

data recorders.

• !



These concepts will be coordinated and integrated with the other affected

support activities, e.g., LogisticsEngineering, Supply Support, Technical

Publications. Training, Operations and Design Engineering. These agreed upon

concepts will be recorded in theplan and considered as the baseline program

maintenance concept.

Support Equipment and Tools

As a product of the Maintenance Analysis, determine and document the support

equipment and tools (CFE, GFE and Commercial) required. Additional sources of

supplemental information includes Design Engineering, Operations and the Main-

tainability Task Analysis. These requirements will be reflected in the plan,

segregated to the respective levels of maintenance.

Skill Levels and Manpower

The objective of this exercise is to identifY, (i) the Job title (skill level)

and (2) the requisites (qualifications), formal education, training and experi-

ence associated with each skill (grade). This information will be provided in

the maintenance plan for correlation with and use in identifying skills during

the Maintenance Analysis Program.

In order to facilitate accurate manpower and training plans during the design

phase, it is necessary to quantify each skill level required to support the

operational system. These requirements are initially identified through the

Maintainability Task Analyses and are thoroughly coordinated with the Personnel

and Training Group prior to recording them in the Maintenance Plan as firm

requirements.

Personnel Utilization Concept

A study will be made to define how maintenance personnel will be cross-tralned

and utilized in the maintenance, prelaunch and launch activities. The results

of this study will be reflected in the Personnel Utilization concepts pro-

vided in this maintenance plan.

(



Maintenance Cycle

_he maintenance actions defined and expanded during the maintenance analyses

are inputs to be integrated into a total maintenance activity. The mainte-

nance actions will be categorized into one of the types of maintenance dis-

cussed; assigned a level of maintenance and diagrammed in a Functional Flow

Block Diagram(FFBD), when required. Time spans of each task will be plotted

in a timeline study and a specific segment of time designated as the "Mainte-

nance Cycle" time. A detailed discussion of the designated maintenance cycle,

through the flight test and operational phases, its timeline and FFBD will be

provided.

Periodic Maintenance Control

The automated documentation and scheduling program for periodic (preventive)

maintenance requirements of all GSE, (including GFE) support equipment, and

stored and installed flight hardware will be defined. Specific direction as

to application of this program to the Space Tug Program will be provided in

this portion of the plan.

Utilization of Government Owned or Financed Resources

Each requirement involving: facilities, support equipment, tooling or other

maintenance resource, will be evaluated in terms of utilizing Government owned

or financed resources to satisfy the need. In those areas where Government

facilities or resources can be used, appropriate discussions will be provided

in the Maintenance Plpm. In each instance, maximum use will be made of

Government facilities and resources.

Coordination and Interface

The various elements and requirements of the plan are coordinated and completely

interfaced with Engineering, Facilities, Operations, Publications, Supply

Support, Training, and Operational Contractor to assure the requirements and

decisions reflected in the Plan are compatible with, and support their planning

and concepts.

, - I __ ! .....



Functional Flow Block Diagrams (FFB D)

_n order to accurately perceive the magnitude and scope of specific

maintenance requirements, it is necessary to diagram the maintenance action

in its logical procedural steps. The maintenance plan will provide guidelines

to be followed in preparing these FFBD's.

Provisionina Support

This portion of the plan will provide guidelines and parameters of Maintenance

Engineering responsibility with respect to support of provisioning activities.

Decision making authority will be clearly def{ned; action to be taken when the

provisioning decision is not compatible with the requirements expressed in the

maintenance analysis; general outline of the data to be provided and made avail-

able during provisioning conferences will be included in this area.

Data Collection

To aid in identifying and eliminating potential problems, correcting existing

failures, and improving maintenance capability, a maintenance data collection

system will be defined and implemented. The data collection will start with

component testing, continue through manufacturing, test and operational phases.

Because of the minimum number of vehicles produced and limited flight test

program there is a need to gather as much data as early as possible to verify

the maintenance and logistics program prior to the operational phase.

The method of collecting field data and the techniques to be applied in the

processing and analyses of the data will be described in this section of the

plan.

MAINTENANCE FACILITIES

A Maintenance Facility Program Plan will be prepared. This plan will outline

the contractors' approach to identifying facility requirements, existing

facilities and how the contractor plans to conduct th e facility acquisition

effort. Personnel engaged in this activity will be responsible for:

• Conduct "on the spot" evaluations of existing maintenance facilities

and prepare Site Selection and Evaluation Report for NASA/DOD.
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Identify to NASA/DOD, specific technical requirements and facility

design constraints. ..

Prepare facility design concepts to facilitate review and analysis

of proposed solutions to facility design trade-off. These concepts

will include recommended floor and area plans with room or area names,

size, functions, elevation plans, clearances and statements of how

electrical and mechanical functions are to be carried out.

Participate in design reviews with NASA/DOD, architects, et al to

support the maintenance facility planning aspect of the program.

Prepare an Activation Plan which consists of consolidating all

schedules, plans and associated actions required for total activa-

tion of new or modified maintenance facilities.

Prepare a Master Equipment List of Real Property Installed Equip-

ment (RPIE) and items of electrical and mechanical equipment and

their major components, based on the final facility design.

A Project Status Report will be prepared and updated periodically,

to keep NASA/DOD advised of the status of all incomplete maintenance

facilities. An Annual Summary Report will be prepared for each

active facility contract which will include a summary of all funding

actions, inventory transactions and use of facilities under the total

contract during the reporting period.

This activity will be concerned with all locations, i.e., launch site and test

sites.

MAINTE2_ANCE STATUS REPORTS

Maintenance Status Reports shall be provided to assure proper accounting of

all pertinent maintenance elements. The reports will include description of

trends, problems and actions taken or deferred. Formal Maintenance Milestone

(Schedule) Summary documentation will be initiated as the document for time

phasing the Maintenance Program.

\



Appendix C

SPARES ANALYSIS/PLANNING (UNSCHEDULED MAINTENANCE)

C,I SPARES QUANTITY AND COST ANALYSIS DATA

The maintainability analyses have addressed unscheduled maintenance

requirements. This applies risk of failure analysis methods to prediction

of spares requirements. The same basic data were used to predict mainte-

nance manhours, launch reliability and payload changeout risk at the pad

(see Section .11.7.2). The results of the spares analyses are documented

in 3 sets of data contained herein. Cost estimates were introduced into

the cost model in terms of initial spares and depot maintenance, measured

in terms of equivalent units of production subsystem hardware costs.

The first set of forms entitled preflight verification of subsystems show

the failure/anomaly risk analysis basic to the maintenance time and spares

cost predictions. The data in the column labeled " c = NkKT" shows risk of

failure (failures per flight).

The next series of forms entitled Tug Spares Analysis show subsystem

breakdown to Level 8 and spares quantities. The data from the verification

of subsystems form (E) are used to calculate the values shown in

Columns 2, 3, 8, and 9. Stock level estimates are made as a function of

flight frequency, depot flow time and desired probability of sufficient

stock for any contingency. The quantity of initial spares (required at

Level I to repair any failure present in a returning Tug, SI) is based on

a 0.90 probability of sufficient spares to cover 5 flights without resupply.

The estimates for Level II maintenance provides at least 1 of each replace-

able item if not qualified in SI for Level i, plus an additional quantity

for higher failure risk items to assure a 0.995 probability of sufficient

parts over a 5 flight time span. Depot maintenance costs are based on

failure rate, estimated number of flights and % of part costs to handle the

cost of the repair cycle (30% used for the latter, for refurbishable items).

The Quantity of initial spares for each component to repair the Tu_ are shown

under "Component Initial Stock". The quantity of operational spares for each

item is shown under "Component Float Stock" and "Subassembly Operational Spares".

The vorksheets showing the calculation of spares costs for the cost model input

sheet are shown in the third set of data.



C.2 MATH_2,_TICAL TECP_(IQUES USED IN TF_ A/';ALYSES

The customary failure risk prediction technique used in reliability

predictions is based on the formula _N_T where,

= Number of parts in the equipment

k = Failure rate of the part

K = Stress factor for the part for time T (Vibration, heat, etc. effects)

T = Operating time

For the Risk of Failure prediction shown on the form "Preflight Verification

of Subsystems ," the following values were used

N = Number of components or subassemblies (computer, valve, tank, etc. )

k = Failure rate of the characteristic item for space

K = Equivalent anomaly factor*

T = Flight duration + equivalent space time to compensate for shuttle

lift off stresses + prelaunch operations time following tug post

maintenance checkout, jlO Prelaunch Operations;

LIV8 Equivalent Flight Time

•The K factor for additional damage was applied to predict work load.

Investigations several years ago indicated that operation of equipment in

test after transport to a flight location introduced 5 - 8 times the prior

number of failures. This same magnitude value was used here to represent the

ratio between actual failures (inherent reliability failure rate) and anomalies

(degraded performance, suspect items removed as deficient, or items requirin_

a_ustment or calibration prior to dispatch on a new Tug space mission). Thus,

the total spares quantity shown includes both the actual flight failures and

correction of anomalies.



The cost models used to calculate spares costs in terms of equ/valent assembly

(Level 6) and subsystem (Level 5) costs are:

For Initial Spares as a function of assembly cost:

_K = _ SOj.Rj.Cj + CIj_ SI i

J=l i=l

and

For Operating Spares as a function of assembly cost:

N Ni

EOK = _=I SOj .Rj.Cj + CIj i_iSOi=

and

For Depot Spares as a function of assembly cost:

N_ Ni

_=I i=l

For Initial Spares as a function of subsystem cost:

k=l

o e



Operating or Depot Spares as a f_u6tion of subsystem costs (EO L or ED L) are

found by substituting EO K or EDK in the last equation.

The meanings of the symbols used follow:

SI_ = Number of initial spares of component J.

SI i = Number of initial spares of subassembly i.

= Number of operating spares of component J.

SO i = Number of operating spares of subassembly i

SDj= Number of depot repair kits and/or parts as equivalent components

SD i = Number of depot repair kits and/or parts as equivalent subassemblies

Ca = Cost of component J in equivalent assemblies

CIj = Average cost of subassembly i in equivalent components =S
N i

C_ = Cost of assembly k in equivalent subsystems L

R_ = The ratio of the cost of a spare component J to the cost of a

shipset of component J.

-- °
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Appendix D - Task Description Sheets

This appendix contains the baseline time line encompassing _Ii operations for

all options and the associated task description sheets. These were used to

develop the specific option time lines presented in section 11.3.6.
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W OF COBTLWTS

1.1.1

1.1.2

1.1.3

l.l.k

1.1.5

1.1.6

1.1.7.1

1.1.7._'

I.i._.3

l.l.T.h

1.1.7.5

1.1.7.6

1.1.T.7

1.1.T.8

1.1.T.9

1.1.8.1

1.1.8.2

1.1.8.3

1.1.8._

1.1.8.5

1.1.8.6

1.1.8.7

1.1.8.8

1.1.8.9

Prepare PrelJ_tnarT MIR Schedule

Analyze Telemetz7 Data for Unscheduled MaR

Update M&R Schedule

Receive _ at TPF/PPF

Prepare toz' Inspection end Checkout

Perfor= Post Fllght/Recelving Inspection

Perform Post Flight C/O -Main Propulsion -
Ambient He Press.

Perform Post Flight C/O - Maid Propulsion -
Cold He Press,

Perform Post Flight C/O -Main Propulsion -
£utogenous Press.

Perform Post Flight C/O -Main Propulsion -
Zero _PSH

Perform Post Flight C/O - AP8 - Nonopropellan1_-
Blovdovn

Perform Post Fltsht C/O - AP8 - Monopropellant-
Pressurised

Perform Post Flight C/O - AP8 - Bipropellant

Perform Post Flight C/O -AP8 - _eule

Perform Post Fl_ht Checkout - Avionics

Perform Post Storage C/O- Main l_ston -
Ambient He Press.

Perform Post 8tornge C/O - Maln l_slon -
Cold He Press.

Perform Post 8tornge Checkout - Main Propulsion -
Autogenous Press.

Perform Post 8tornge C/O- Main Propulsion -
Zero _PSH

Perform Post Storage C/O - AP8 - Nonopropellsat
Blovdovn

Perform Post 8torsge C/O- AP8 - Nonopropellsnt
Pressurized

Peri"orm Post Stornge C/O- AP8 - Bipropellant

Perform Post Stornge C/O - AP8 - Cryogenlc

Perform Post Storage C/O- Avionics

1

2

3

k

5

6

T

8
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_erform Nev Tug C/O - Main Propulsion - Ambient
Re Press.

Perform Nev Tug C/0 - Main Propulsion - Co14
_e Press.

"'er£orm Nev Tug C/O - Main Propulsion -

Autogenous Press.

Perform Nee Tug C/O - Main Propulsion - Zero NPSH

Tug C/O - AP5 - Monopropellant Blovdmm

Tug C/O - APS - Monopropellant -

Perform Nee

Perform Nee

Pressurized

Perform Nee

_erform Ne_

Tug C/O - APS - Btpropellant

Tug C/O - APS Cryogenic

Perform Nee TOg C/O - Avionics

_repare/Update M&R Schedule

_erform Structure/Mechanice£ M&R

._erform Propulsion M&R

Perform Avionics M&R

_emove M&R GSZ

Receive FSE at TPF/PPF

_repare for Inspection

Perform FSE Post Flight/Receiving Inspection

_repare/Update M&R Schedule

Perform TSE M_R

Prepare for Storage

Prepare for T_ansport

Transfer to Storage
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TASK DESCRIPTION SHEET

TASK TITLE: P.I_,_., PR.F_,L'ZM_U_Y.Mt.RSC_ULE .(l'Z'l)

TASK OBJECTIVE: To schedule known M&R requirement
i i i i n ii i

i | • i i i i i Jl Hi I II

I I • • , , 'L i' ' | ' ' I ' I l| •

TASK PURPOSE: To construct an M&R schedule through rey:Lev of a Tug's
i i L it i im i i

maintenance records and inte_r&tton of subsystem scheduled M&/q requirements.
i | i i ii i| • ii I i

i • i i i ,m i i •., i ,,| ii ii i i

i |, i., i.m, in

)

• |

TASK LOCATION:

TASK EQUIPMENT:

127

3.18

11,8

i i • ,i i i i

TPF/KSC and PPF/WTR
im i . i

ii ii i i i i i i

Data M_t Test S_t ....

C/O Cable Kit (Partial)

Si_;nal ,£onditiontn q Unit (Par_.e_)

i| ii | I I i, I i

i i i ml

MANPOWERREQUIREMENTS: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITYCONTROL
SAFETY

OTHER

INTERFACE REQUIREMENTS:

• I i ii

o Iq-HRS
i I

o M-HRS
i i

, o M-HeS
16 _ M,,HRS

...... 3 M-HRS

_ 3. _ M-HRS

0 M-HRS
i • i i • I

, II , ,

-q



)e.SK TITLE:

•_tSK OBJECTXVE:

TASK DESCRIPTION SHEET

ABALYZE TEL_4_TRY DATA FOR U_;SCH_DULED M&R (1.1.2)
i i u , • l,l i | u i __

To identify unscheduled '4&R requirements.
| ii i J | i i • i i i

n| | , m m n n

4P_K PURPOSE: , To emalyze T:,4 data. tO .i,denttfy infli_ht anoms.l,ies occurring

",ring the last Tu_ mission. Fault isolate to LRU and define unscheduled
, i i ii i ii u | i| |l

::_R requirements.
i i i i i u i i

I I n I n i I n I n nm I n nl u i nm lU

;tSK LOCATION:

,4ASK EQUIPMENT:

| i lu u iii i i i

TPF/KSC and PFFIWTR

Ha_d CoD,y Via G_ound Stations

128 Tel?merry Ground Station ....

n n , ,m n

Ft,NI_R REQUIREMENTS:

'_'_ ERFACE REQUI REHENTS:

i _ , ,n n

un n,, I ,u n _ n n

PROPULSION TECH 0 M-HRS

HECHANICAL TECH 0 R-HRS
| • im

AVIONICS TECH 0 H-HRS
- i J|

ENGINEERING 18 M-HRS
i IWL

QUALITY CONTROL 6 H-HRS
i

SAFETY 6 H-HRS
i i u

OTHER 8 R-HRS
i i i i e i ii

Software program to process _ data
mit | . i

tJ

,JJnl I



TASK DESCRIPTION SHEET

TASK TITLE: UPDATEM,&RSCHEDULE (1.1.3) .....

TASK OBJECTIVE: To es_;a_is_ an tn'c_ratee :!'.,R sghedule. _ ........

TASK PURPOSE:

| • i i t . i i i I i • : L

To i_._g_a_..escheduled and unscheduled, M_R Feouirements.

, ,, , i ,|| i [ i , L i |1 ,

TASK LOCATION:

TASK EQUI PHENT:

12T

i ill i u • u.i H u i i J ii i i

,,-- ,i ii i ! i |, I i | ii

TPF/ c .....

i i l m i. | ||

Data !-_4_ Test Set
• ,, i i i i i I

,,, - , I

MANPOMER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECX
I

AVIONICS TECH

ENGINEERING
|

QUALITY CONTROL
i

SAFETY

OTHER

INTERFACE REQUXREMENTS:
. ,| i•

. ,L | • i , m

n'r

o H-XRS

o M-HRS
i ,

o M-HRS
i

I_ M-HRS
i i

x-xP 
Q M-HRS

, i . , •

0-I(



TASK DESCRIPTION SHEET

TASK TITLE: RECEIVE TUG AT TPF/PPF (I.i._)
| ,i .i • , . ii L .i

TASK OBJECTIVE: To physically enter the Tug into M&R cycle. This task and
I i I t lJ ii i i i

subsequent tasks consider (i) New Tugs, (2) Tugs from Post Landing Operations,
• | • i i, lie i i i |l| |1 I iL i i i

and (3) Tugs from Storage.
i i i iii

TASK PURPOSE: To place the Tug in its M_R position at the TFF/PPF and assure
• i • , i q i I i

a final safe condition prior to initiating M&R _tions.
I i I • ,, i i ,. i ,

I L I i, i

TASK LOCATION:

TASK EQUI PHENT:

12b,

183

I I

TPF/KSC _d PPF/WTR
• , i i L i .

i ii . ,

Cra_les

Transoorter

.m

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

HECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i

i,, i

i , • i

0 M-HRS
. i i i

3 M-HRS
u,_ | r J

o M-HItS
i

0 M-HRS

o M-HRS
m

i M-HRS
i i

1.5 M-HRS



TASKDESCRIPTIONSHEET

TASK TITLE: PREPARE FOR INSPECTION A2_ CHECKOUT (I.i. 5)
, t | i i . , i . r i i . .

TASK OBJECTIVE: To place the Tug in a condition for Post Flight/Recetvin_
-- • i i | t i: i .

Inspection and C/O
ii i

• m ii i i i L L I

m • m [ i ,i i i , ,,.

TASK PURPOSE: To position vorkstands, _rovide access to installed subsystems
! i tiJ i " m i i

_an,d connectlcheckout OSE.
, i , ,, l i

ii iii m, i • i ,, • i , ,

121 Comsec _oui_ment

121." Works.,ta_._ Ki,_, , ,

,,

XlX

St,atlc Dessica_t Kit

APS Breako,ut. ,¢o,ntrol Box

...... 117 . Checkout Access _4!

TASK LOCATION: Te_/_SC and PPF/WT_
.,-. lu t -" - "i

TASK EQUIPMENT: 168 Snacecraf_ Simulator 169 Space ,Tu_ Simulator

12h CIadles .... lh8 SIFnal Cond Unit

183 Transporter
ii m LU ,.--

155 ,., Power S;_rsTest Set

118

119

127

Checkout Cable Kit
I L t

Con._ Test Set

.Data,.}_._tTest Set

, 161 Prop Pne_atic Console

16_ ProD_e-!l_to_Pneumatic Control

Console

i, ,1- - -- "

185 Umbilical Kit
J ,,

orbiter , Simulator

MANPOWER REQUIREMENTS: PROPULSION TECH 0 N-HAS

. MECHANICAL TECX 22.5 N-HAS
t i i

AVIONICS TECH o N-HAS
i i |

ENGINEERING 0 N-HAS
i i

QUALITY CONTROL 0 H-HAS
i

SAFETY 0 N-HAS

OTHER 0 H-HAS
. t

INTERFACE REOUI REMENTS:

, , , , , m •

,,, ,1 | • , , !

•



TASK DESCRIPTION SHEET

TASK TITLE: FERF0_( POST FLIGh_/RECEIVI]_G INSPECTION (!.I.6)

TASK OBJECTIVE: To determine subsystem physical condition, installation
H i llill i ii i ii i i i i | ,

integrity and subsystem status where instrumenta_ion is not feasible.
.......... .i L H m II i

TASK PURPOSE:

Identified.

To identify unscheduled M&R requirements not previously

TASK LOCATION:

TASK EQUIPMENT:

,,u

TPF/.KSC end PPF/WTR
i i

124 Cradles

183 ,Transporter

191 Workstand Kit

, • , ,,,, ,

, , i| | , ,,,,

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

2); M-HRS
i i i n | m i

2_ M-HRS

8 M-HRS
• .., • ,

20 M-HRS
i

16 M-HRS
,,, , ' m,

...... o __ M-HRS

o M-HRS
• i |



TASK DESCRIPTION SHEET

TASK TITLE:

TASK OBJECTIVE:

PERFORM POST FLIGHT C/O -- MAIN PROP.UL.Sl0:I -- ___I_rT He PP_SS.

To determine Main Prgpulsion Status._

(le "_ "T "_
,Ae , e_

I ,I , mm , , I

TASK PURPOSE: To vertf_ functional integrity and interface of main propulsion

@omponents! Verif_esT perform leak checks and to calibrate transducers.

i

TASK LOCATION:

TASK EQUIPMENT:

MANPOWERREQUIREMENTS:

TI:'F/K_, C end PPF/'_R

12_ Cradles , ,

18,3 Transmorter
, i u -

191 Workstand Kit

118 Checkout Cable Kit
i

127,, Data "-+,,.n" _est, Set

119, Comm. Test Set

i_ Power S.7s Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

u,, m

, lh8 Si_na_ Cond Unlt

18_ L_llcal Kit

161 Prop ,_ne_matic Console

i17 C/0 A_,cess Kit

180 .._nvironCoolin_

i

i i i ,

16 M-HRS
.

o M-HRS
1

8.5 M-HRS

8.5 M-HRS

8.5 M-HRS

o M-HRS
HI • i

0 M-HRS

'T- I>/V



TASK DESCRIPTION SHEET

TASK TITLE: PK_2OBMPOST FLIGHT C/O - MAIN FROPULSION - COLD He PRESS. (1.1.7.
i i, l , | ,

TASK OBJECTIVE: To determine Main Propulsion Status.
i mm i |ql

TASK PURPOSE: To verify functional Integrity and interface of main propuls$on
i i I L • i i i | iJ ira__ i i ii ii

c_nponents, verier purges, perform leak checks, and to calibrate transducers.
i i atom | ,I u , • ,

ii , | 1

TASK LOCATION: TPF/Ksc and PPF/WTR
• ii

TASK EQUIPMENT: 12_ Cradles
i iHi ,]

lh8 ,, Si_n_l Cond Unit

183 Transporter 18,3 Umbilical'Kit

191 Workstand Kit 161
, ,i I • | -

Pro_ Pneumatic Console

118 Checkout Cable Kit

127 Data :'_t Test Set
i,,,m 1 , , ,

119 Corm Test Se,t ,,_

155 Power Sys Test Set

_!_- C/0 Access Kit

180 Environ Cool Unit

163 Propellant or Pneumatic,. Contro_-_ole

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

17 M-HRS
i •

0 H-HP.S
_ i i

8.5 S-S_
, ,i

8.5 M-HRS

8.5 M-HRS
H • . ,

o M-H_
. L

o H-HRS

INTERFACE REQUIREMENTS:

_ |n _ , , , ,

u._ __



TASK TITLE:
i

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

PERFOFJ4 POST FLIGHT C/O - :tAIl;PROPULSION - AUTOGENOUS PRESS. (i.i.?. 5,
| |J | , ,

To determine Main Propulsion Status
t t i t t ,,

, ,i | ,, ii, , ,, i

TASK PURPOSE: To verify functional integrity and. interface of main _ropulsion

components, verify purges, perform leak checks, and to calibrate transducers.

|

lil , i , , | i i

TASK LOCATION:

TASK EQUIPMENT:

TPF/KSC and PPF/WTR
| i

183

191

118
t,

127
i

119

155

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

Cradles

Transporter

lh8 Signal Cond Unit

185 L_bilical Kit

Workstand Kit 161
t |i

Prop Pneur_tic Console

Checkout Cable Kit 117
l

C/O Access Ki t

Data _._t Test Set 180
t

Environ Cool Unit

Comm Test Set
i|l t i •

163 Prop or Pneumatic Control Console

Power Sys Test Set

PROPULSION TECH 17 "H-HRS
,|

MECHANICAL TECH ,0 M-HRS
i

AVIONICS TECH 8.5 M-HRS

ENGINEERING 8.5 M-HRS

QUALITY CONTROL 8.5 M-HRS

SAFETY 0 H-HRS
it e I

OTHER o H-HRS
t

wrr



TASK DESCRIPTXON SHEET

TASK TITLE:
PERFORM POST FLIGHT C/O -- ?'AI_ PROPULSION -- ZERO _?SH (1•1.7•4)

,, i i i |, I , ,|I i i .,

TASK OBJECTIVE: To determi.ne Mai n Propulsion star.us. ,

TASK PURPOSE: To,verify-, functional !n_te_rtty and interface of main propulsion

Lcanponents, verify purges • perform leak .checks., and to calibrate transducers•

i ,i i . •

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPMENT: 12_ Cradles
ii ii i i |

183 Transporter

191 Workstand Kit
i , ,

118 C/0 Cable Kit

127 Data M_t Test Set
i , i • i, |,= , ,, ,

119 Comm Test Set
: im

155 Power Sys Test Set
u, , • • , ,i

VANPOIdER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

MIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

. ,. ,

148 Signal Cond Unit

185 t_nbili cal Kit

161
J

117
, , | ,

180

163
i ,,

INTERFACE REQUIP,EME_}TS:

ProB Pneumatic Console

clo Ac,_s_ _t

En,vi,ron Coo ! Unit

Prop or Pnet_,atic Control Console

16 M-HRS
i i m I

0 M-HRS
, ll| i i | i

8 H-HRS
, , • i , |

8 H-HRS
| | i.i

8 M-HRS

0 H-HRS

o M-HRS
• i i



TASK DESCRIPTION SHEET

TASK TITLE: PE_FOeM POST FLIGHT C/O -- APS -- MOHOPROPELLA/_-BL0WDOWU (1.1.7.5)
i • i I _ i ., i i • ii.

TASK OBdECTIVE: To determine APS status.
I L I ! I i i

• I ,, ,

I i , • • J i ,,,t ' ' |

. ... • • u ii ii i i | L I I ,I I I I I I I

TASK PURPOSE: ,.To veri_ functional integ.rity and_Interface of APS componen%s.

_.rform leak, checks ............

m L m,

i , . m I a I , ,, I I |. |

II I I _ I •

TASK LOCATION: ,_F/KSC and .P,PF/_.

TASK EQUII_ENT: 12_ Cradles 161 ,Pz'?_ Pnew_ati_ Console

183 Transporter , . 127 Data !:_-tTest Set

/ '

191 %rorkstand Kit 119 , c.omm.Tes.t Se_

,163 Prop or Pneu Contr.Cons.155 .power S_vs Test Set

iii ACPS Breakout Box lh8
i m ,, i ,

Si_..a! Cond Unit

117 C/O Access Kit _ 185 b_nbilical _K/t
, m,i

i18 C/O Cable Kit . !80 Environ Coo1 Unit

MANPOWER REQUIREMENTS: PROPULSION TECH

NECKARICAt TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

15
i |

o
i i i

7
m

7
• i i in

7
, , IL

0

0
, i , _ ,

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REOUI REMENTS:

• D'-/? "



TASK DESCRIPTION SHEET

TASK TITLE:
PERFORM POST FLIGHT C/O -- ___S -- MONOPROPELL_NT-PRESSURIZED (1.1.7.6"

.... ,, Jl , i , i

TASK OBJECTIVE: To determine APS status.
i H • it i : J,m

,I ,, • ,,I | II , I

II

TASK PURPOSE:

• , , i , i

To verify functional integrity and interfaces of APS components

and perform leak checks.

i •

TASK LOCATION:

TASK EQUIPHENT:

163

Iii

117
I

118
i i,m

IMRPONER REQUXREHENTS:

| , • | ,, ,i

TPF/KSC and PPF/T_R

124 Cradles 161
|,, | : |i

183 Transporter 127

191 Workst and Kit 119

Prop or Pzeumatic
Cqnt rpl Console 155

ACPS Breakout Box 148
i i

C/O Access Kit 185
L | ,|

C/O Cable Kit 180
J . i ml

PROPULSION TECH
•mw

HECHARXCAL TECH
i

AVIONICS TECH
i

ENGINEERING
,|1

QUALITY CONTROL
ill i

SAFETY
i J i|

OTHER

INTERFACE REQUIREMENTS:

Prop Pneumatic Console

Data ._,t. Test, Set

Comm Test Set

Power Sys Test Set

Signal .Cond Unit

Umbilical .w.it

Environ Cool Unit

26 H-HRS
i im

0 M-HRS

13 M-HRS

13 M-NR_

13 M-HRS

0 H-HRS
i

0 H-HRS
, ,| i

, , i



TASK DESCRIPTION SHEET

TASK TITLE: PEeFO_ POST FLIGHT C/O -- _ -- BIPROPELZANT (1.1.7.7)
ii i • l . J i i

TASK OBJECTIVE: To dete.rmine APS status.
.... I1,_1 I

i i _ Ji| . : li

, l , i | • • ,

......... ,= i t ,i | i , ,, m, ,i

TASK PURPOSE: To verify functional inte__ity_and interface of APS

_oml_nents an.d perform leak checks .....
' I !

I , , tt it , ,I

j , ! i, t

i •

I

TASK LOCATION:

TASK EQUIPMENT:

_F/_C and I_F/_J_R
m i i

124 Cradles
I _ i

183 Transporter

191 .l._lorkstand Kilt

Prop or Pneumatic
163 Cn._ni CnnRnle

III ACPS Breakout Box
t i , i

117 C/0 Access Eit

MANPOWER REQUIREMENTS:

t |l i • I t

16.1 Prop Pneumatic Console

127 Data '._ztTest Set
: , .|_ | 7 ° | .,

.... I19 Co_Test Set

155 _ Power STs Test Set

148 Sip_%i Cond Upit

118 ,,. C/O Cable Kit 180 Enyiron Co9_ U_it

PROPULSION TECN 26 H-HRS
t . n,

MECHANICAL TECH 0 H-HRS
i

AVIONICS TECH 13 M-HRS
t •t

ENGINEERING 13 M-HRS
|l

QUALITY CONTROL .... 13 M-HRS

SAFETY 0 H-HRS
t t i

OTHER o H-HRS
• - lit

INTERFACE REQUIREMENTS:



TASK OESCRIPTION SHEET

TASK TITLE:._PE_FORM POST FLIGHT C/O -- APS -- CRYOGENIC. (1.1.7.8)i H, m J i

,TASK OIWECT/_ To determine APS status
noi , .....

and perf?rm leak,,che,cks_ ins nect turbo _um_, bearings and shaft toroues
'J_il I " " |, |, , m J I ' _ IL ,i

I |i i il || • i ,I ,e, I ,I

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUXPHENT: 124 Cradles 161 Proo Pneumatic Console
i | m : , - ,

183 Transuorter 127 Data M._t Test Set
• i i , .. |,

191 Workstand Kit 119 Comm Test Set
, • . m i , |i , .,

Prop or Pne'_._ic
-163. r_..._ Consol_,, _ ,,155. Power Sys Test. Set

iii ACPS Breakout Box 148 Signal Cond Unit

117 C/O Access Kit 185 Umbilical Kit
la 1 ,, ,

118 C/0 Cable Kit 180 Environ Cool Unit
i H

MANPOWERREQUIREMENTS: PROPULSION TECH 32 H-HRS
i i .i L

MECHANICAL TECH o H-HRS
I i

AVIONICS TECH 16 H-HRS
I ,

ENGINEERXNG 16 M-HRS

QUALITY CONTROL ...... 16 M-HRS
• i i ,

SAFETY o M-HRS
i i|

OTHER o M-HRS
ml i i :

INTERFACE REQUIREMENTS:



TASKDESCRIPTION3HEET

TASK TITLE: PL_!FOP_f POST FLIGRT CHEC:_OUT -- AVIONICS (1.1.7.9)

TASK OBJECTIVE: To determine avionics status

I i i

TASK PURPOSE: To verify functional integrity and intTrface of avionics
ii |n

components and perform required ca.ltbration
i I I

I ii I i

TASK LOCATION:
TPF/KBC and PPF/WTR

IJq_l_ r.t_Arnr.na • --_

302, 30_,

Software

Computer

Programs

307
183 Transporter

191 Workstand Kit
i

118 Cable Kit

119 CommTest Set

127 Data ,,_6 .... _-"

155 Power STs Test Set

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

156

i I

Prim Batt,,C/O Kit

121

!h8
i

169

Comsec Eoui_t

si=nal Cond Unit

Tu_ Simulator

Lazar Radar C/O Kit

168

iT_

Spacecraft Simulator

Star Tracker Sim

180 Environ Cool Unit
i, i i

0 M-HRS

0 M-HRS

M8.5 M-HRS
| | ul il

69 M-HRS
i

10 M-HRS

o M-HRS

0 M-HRS



TASKDESCRIPTIONSHEET

TASK TITLE: PERFORM POST STO_LAG_.C/O - MAIN F2OPULSION - AMB2ET_ He PRESS. (1.i.3
i , i ,i i. i, | i | i i

TASK OBJECTIVE: To determine Main Pro.x_lsion Status
i i i .i

I I ,. s i ml I i

ii L u i i I el I i i ii i li i i i i i

TASK PURPOSE: To yerify functional integrity and interface of main propulsion

e._.l_nents,..veril_ pur_es,, perform ,leak checks' and to _alibr,a_e transducers ,,,

,= , ,, , , t I | i a •

TASK LOCATION: TPF/KSC and PPF/_2
u. • • i

TASK EQUIPHENT: 12_ Cradles ......

183 ...... Transporter ,, ,

191 Workstand Kit ,

118 Checkout Cable Kit
., ..=. , i

127 Data_t. Test Set

119 Comm Test Set
il I i i i

155 Power SIs T_st set

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECX

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

m. , | ,

128 Signal Cond Unit

18_ ,,Umbillca! Kit

161 Prop Pneumatic Console

i17 C/O Access Kit

,180 EnzSron Coollng

| tim

60 H.H_
i H i m ,

o M-HRS
-- " mum

30 M-HRS
i ill i ill

30 M-Hl_
ii i,, lira ii i

30 M-Hit5
,.,, ,L__

0 M-X_
, i |

0 M-HP,5
i



TASK DESCRIPTION SHEET

TASK TITLE: PERFO_ POST STORAGE C/0 - MAIN PROPULSION - COLD He PRESS. (1.1.8.2)
I i l.i I L I i i i i i p|l i I | i

TASK OBJECTIVE: To deter'mine Main Propulsion Status

, , • ,i i fill I i ii i i

• • i i ii i I I i I ',

TASK PURPOSE: To verif_ functional t.nte_it_ and tnterfase of Main Pro_lsion

components, verify purees, perform leak cheeks :and to calibrate transducers.

ilia e i , I I iii . i I L I Ill

TASK LOCATION:

TASK EQUIPMENT:

• anaPPZ/  
in i [

12]` Cradles Signal Cond Unit
- ! i! n] i it

im

I]`8

183 ,Transporter L 185, ,,,Umbilical Kit

191 Workstand Kit 161 Prop Pneumatic Console
i| i L

118 Checkout Cable K!t C/O Access Kit
,,,, i ,,, i

I17
i i i

180
i i

163

127 Data t,_c Test Set
__ Ull , IL •

119 CommTest Set

MANPOWER REQUIREMENTS:

Environ Cool Unit
,,m

Prop or Pneumatic Control
,, Console

155 Power Sys Test Set
i ii l

PROPULSION TECH 68 M-HRS

MECHANICAL TECH 0 M-HRS
I I in

AVIONICS TECH 3]` N'HRS

ii.m i l i ii

ENGINEERING 3], M-HRS
| i ii

QU_XTY CONTROL , 3]` M-H_
Ii

SAFETY o N-HRS
, nm __

OTHER 0 N-HRS
I

INTERFACE REQUIREMENTS:

 D-TD



TASK DESCRIPTION SHEET

TASK TITLE: PE._FO_ POST STORAGE CHECKOUT - MAIN PROPULSION - AUI_OENOU_ PRESS.(1.2
I flu i iml i " i I I J,,,

TASK OB_]ECTIVE: To determine Main Propulsion S_atus.
i ! L ill J i ill

I I i ,,-- .... ] i i i I

TASK PURPOSE: To verify functional integrity and interface of main propulsion
i i w . .... i• i

ecaponents, verify purges, perform leak checks to calibrate transducers.
i i i ,i ,

n |l uln I • Hi I n • | n u i L q

U ng u II II n mum I • I ml i • • I I I n Inu

m n INL I n nJ • i I III

m ,n i

TASK LOCATION:

TASK EQUIPMENT:

• • ! J emil

TPF/KSC and PPF/WTR
• I i Jl ii I i

12_ Cradles
m l in

183 Transporter

191 Workst and F_it
- - . ... . .. . i

118

127

!19

, ib8 Signal C0nd Unit

Checkout Cable Kit

161 , Pro_ Pneumatic Console

!17 c/o AcCess [_t

Data M_t Test Set _ _ 180 Envir,on Cool Unit

Prop or Pneumatic Control
Comm Test Set 163 CQn_QIe

u I n l , n In n ,, L n

155 ,,- Power SZs TeStlSet .....

MANPOWER REQUIREMENTS: PROPULSION TECH

_CHANXCALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REOUIREHENTS:

5h M-HRS

0 M-HRS
I i

27 M-HRS
i l I ill i •

27 M-HRS

0 M-HRS
i

0 M-HRS

D-g&
i



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE C/O - MAL_ PROPULSION - ZERO NPSH (l.l.8.h)
il ,, | J =

TASK OBJECTIVE: To determine Main Propulsion Status
ii i

I ' i ,

TASK PURPOSE: To verify functional integrity and interface of main propulsion
i i , ,

components, verify purges, perform leak checks, and to calibrate transducers.
i i, i I i

I I i i i

A

i

i ,

TASK LOCATION:

TASK EQUIPMENT: 12_

183

i_8

12 7

119

MANPOWERREQUIREMENTS:

TPF/KSC and PPF/WTR
i i ,

Cradles

Transporter

WoTkstand Kit

C/O Cable Kit,

Data :,!/_t Te_ Set

Con T_st S_t

Power Sy_ Te_$ Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i ,,,

Signal Co.nd Unit

18_ ,T,_._,.bi!ica!Kit

161 Pro_ P_eu_atic Console

I_7 c/o Ac_s Ki_

i80 Environ Cool Unit

163 Prop or Pneumatic Control
Console

i i |

52 M-HRS
i

o M-HRS

z6 M-HRS

26 M-HRS

26 H-HRS

o H-HRS

o M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PEXFOI_ POST STORAGE"C/O -- APS -- MONOPeOP_T,LA_ BLOW'Z_W_ (1.1.8.5)
| i i.| i i i u i

TASK OBJECTXVE: To determine APS status
| ,i ii I I i l i IH,

__ I • i i ,, i e |1 I

i , • i i , ,, i , i i i

I i, , ,i • i ¸

TASK PURPOSE: To v erif_ functional inteArity and,.interface of APS COmponents,

perform lea_ checks ............

L , ,, I , I I III I

II I I III

TASK LOCATION: _'_PF/ICBC and PPF/WTI_

TASK EQUIPMENT: 12_, Cradles

183 Transnorter

191 Tbrkstand _it

Pro_ or Pneu=_tic

.163 Control Console

Iii ACPS Breakout Box
a l ,, L

lit C/O Access Kit
i i i ,

118 C/O Cable Kit
_ , u |

MANPOWERREQUIREMENTS: PROPULSXON TECH

MECHANICAL TECH

AVIONICS TECM

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS: ,

i| ii | i u i HL I • i

16] ,.P_p ;Pn_1_-_ Console

119
z

| , m ml

185
m

180
i m. i

Co_n Test Set

Pover Sys Test Set

Signal Cond Unit

Umbilical Kit

Environ Cool Unit
i i

i

i

22 M-HRS

o M-HRS

ii M-HRS
i ii iii

l_ M-HRS

11 M-MRS

0 M-MRS
,L_

0 M-MRS

l

i , il



TASK DESCRIPTION SHEET

TASK TITLE: P._.FORM POST STORAGE C/O - AFS - MONOPROPELLANT PRESSURIZED (1.1.8.6)
i I i ilJ . lu |i ii i

TASK OBJECTIVE: To determine APS status
. m. i

TASK PURPOSE:

i| i m m . I i i i i i i

To verify functional integTity and interface ,of APS components

and perform leak checks

| , | ,, |

TASK LOCATION:

TASK EQUIPMENT:

/

I I |1 |1 I |

TPF/ICSC and PPF/NTR
i i

12h Cradles
| i i n il |

183 Transporter
| I F ill

191 Workstand Kit
i i a i :| i|

Prop or Pneumatic
• 163. Control Console

111 ACPS Breakout Box
....... iH ,• J i

117 C/O Access Kit
• i im i i i |i, •

118 c/o Cable Klt
_ i|i i : i i

MANPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIP,EHENTS:

i,i | , |

, i, .

161

119
i| i J i i .i

155

|, i . i i I

Prop Pneumatic Console
i I i H i

• i

Comm Test Set

Power Sys Test Set
. | i ,

148 Signal Cond Unit
, . H l.i

185 Umbilical Kit

180 E_viron Cool Unit
l:i .| I i i, i

III i

SL I

36 M-NRS

0 M-HRS

18 M-HRS

is .-.RS
18 M-HRS

"1

0 H-HRS

0 M-HRS
i



TASK DESCRIPTION SHEET

, - , BZ_OPELLA_T (1. Z. 8.7 )TASK TITLE: P_FORM POST STORAGE C/O APS -.

TASK OBJECTIVE: To determine APS status
i , , in |

I nn

TASK PURPOSE:

and ,perform leak checks

lu i i ill . | • i m

,, •n ,u , , •

TO verif_ fupctional integrity and, interface of APS componen%s

it i, i • , . i , , |, |

i | i i , •,i - i ii ,

ii ,,i , ,i

TASK LOCATION:

q i i|l

TPF/KSC and PPP/WTR

TASK EQUIPMENT: 12h Cradles
lu

183 Transporter

. 161

163

Prop jPneqF.2t_c Console

Prop or Pneumatic Contrcl Console

191 Workstand Kit

i01 ACPS _,bd Pres Kit

Iii ACPS Breakout Box
I , I

117 C/O Access Kit
i

118 C/O Cable Kit
j i

it_ ,,•| , ,,

180 Environ Cool Unit
i , ,,, i , , | •

MANPOWERREQUIREMENTS:

INTERFACE REQUXR£MENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERXNG

QUALITY CONTROL

SAFETY

OTHER

i

|

50 N-HRS

o M-HRS
i•J

25 M-HRS
mm

25 M-He,S
25 M-HRS

0 N-HRS

0 M-HRS
it



TASK DESCRIPTION SHEET

TASK TITLE: PE_ex POST STORAGE C/O - JLT_ - CRYOG_IIC (1.1.8.8)
i _ , L • | | i

TASK OBJECTIVE: To determine .ett'S status
i lira , ill

i • i m iiii i i • i i ii im

. ,. ,, ,| i , i ,i i i i ,- ..,, i . | i.

| | i i | i i i

TASK PURPOSE: To verify functional Integrity and interface of APS components

and perform leak checks, inspect turbo ol,u_ and shaft toraues
a I . i _" " , _ |

TASK LOCATION:

i i i i | I i i

TPF/KSC and PPF/WTR
i i ii i i i

TASK EQUIPMENT: 1._2h Cradles 161 Prop Pneumatic Console

183 Transporter 127 Data "_. Test, set

191 Workstand Klt 119 CommTest Set
i , I

Prop or Pneumatic
263 Control Console , ,155 Power Sys,,Test Set

III .,,ACPS Breakout Box !48, SiEn,el Cond Unit

117 C/O Access Kit 185 Umbilical Kit
. , i m . , ii

118 C/O Cable Kit 180 Environ Cool Unit
i| i m i

MANPOWER REQUIREHENTS: PROPULSION TECH, ,, 8_ H-HRS

FECHANI CAL TECH O M-HRS
. • • ii

AVIONICS TECH _2 H-HRS
i i m

ENGINEERING _2 H-HRS
li

QUALITY CONTROL _2 H-HRS
• im i • i i L

SAFETY o N-NRS
i i ..,,

OTHER o M-HRS
Hi

INTERFACE REqUIREHENTS:

, , i , , .i

|l



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM POST STORAGE C/O - AVIONICS
I l i ,,,

TASK OBJECTIVE: To determine avionics status
I i i]

(z.I.8.9)

I i i I L I J , i

TASK PURPOSE: To verify functional integrity and interface of avionics
i i i , w ,, i • i

components and perform required calibration.
, i l , I 0 i

ii

TASK LOCATION:

TASK EQUIPMENT:

302, 304, 305

& 307 COHPVZER

PROGRAMS

TPF/KSC and PPF/_R

127 Cradles

183

191
1

118

119

127

155

MANPOWER REQUIREMENTS:

Transporter

Workstand Kit
• l

Cable Kit
i • i q

Comm Test Set
l i

Data I,_t Test Set

Power Sys Test Set
ii

•PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i | i

156

121

159

148

169

/

, lh9

168

174
, i

i i

18o
.a

i

Prim Batt C/O Kit
n e .i i

Comsec Equi_t

Prop Utility Comp Test Set

Slgnal Cond Unit.

,,TugSimulator

Orbiter Simulator

S_acecraft Simulstor

Stcr Tracker Sim

Environ Cool Unit

0 M-HAS

o M-HAS
ii

327,, M-HAS

99.5 N-HAS

I0 M-HAS

o M-HAS
,ll

o M-HAS



TASK DESCRIPTION SHEET

TASK TITLE: Pz_£o_ _ TUG e/O - V_ZZZPROPLTLSION- AMBIENT He PRESS. (1.1.9.1)
i i .1 I I i i

TASK OBJECTIVE: To determine Main Propulsion Status
i i i •

I . lain ] .eL i I II ii I I

,i. • J , • • I , I . • •

TASK PURPOSE: To verify functional integrity and interface of Main Propulsion
,. , ,i , u, i ,, i ,,,i , • ,,,

components, verify purges, perform leak checks, and to calibrate transducers.
i| ,, ii ii ii , [

• i | i I I i

TASK LOCATION: TPFI_C and PPF/_I_
ii I Hi i

TASK EQUIPMENT: 12M Cradles 1M8 . s.%_n_l.CqndUnit

183 Transporter 185 U_Diiicai Kit

191 Workstand Kit .... 161 Prop Pneumatic Console

118 Checkout Cab!e Kit 117 C/O Acces_ Kit

12_,,,Data.M_tTest Set 180

i%_ co=,Test Set 163

E_viron Cog_i_

Prop or Pneumatic

Control Console

155

MANPOWERREQUXRE_NTS:

Power S Ts Test Set
ii i ii ! i I i

PROPULSIONTECH 60 M-HRS

MECHANICALTECH 0 M-HRS
i

AVIONICS TECH 30 __ M-HRS

ENGINEERING 30 H-HRS
i i . i i

C_IN.XTY CONTROL 30 L M-HRS

SAFETY o M-HRS
_ I

OTHER o M-HRS
I z

INTERFACE REQUIREMENTS:

, |, , i i i i I

,. ..



TASK DESCRIPTION SHEET

TASK TITLE: PERFORM NEW TUG C/O - MAIN. PROPULSION, - COLD He PRESS. (I.i.9.2)

TASK OBJECTIVE: To determine Main Propulsion status ......

i i I

, ,,, , | ,, , i

TASK PURPOSE: To verify functional integrity and.,interface of Main Propulsion

components, verify purges, perform leak checks and to calibrate transducers
, m • ,i. ,|, | ,

TASK LOCATION:

TASK EQUXPHENT:

TPF/KSC and PPF/WTR

124 Cradles 148

183 Transporter 185

|

Signal Cond Unit

Umbilical Kit

191 Workstand Kit

118 Checkout Cable Kit

127 Data Mgt Test Set

119 CommTest Set

161 ,Prop Pneumatic Console

117 C/O Access Kit
i i

180

163

Environ Cool Unit

Prop or Pneumatic
Control Cnn.a1_

155 Power Sys Test Set

MANPOWERREQUXREHENTS: PROPULSION TECH

HECHANXCAL TECH

AVIONXCS TECH

ENGXNEERXNG

QUALITY CONTROL

SAFETY

OTHER

68 M-HRS

0 H-HRS
i

3_ M-HRS

34 M-HRS
J

3h M-HRS

0 H-HRS

0 H-HRS

INTERFACE REQUIREMENTS:

,, , i |



TASK DESCRIPTION SHEET

TASK TITLE: PZRFOm4 IfEW TUG C/O - MAI2I PROPI__SIO2; - AUTOG_IOUS PRESS. (1.1.9.37
l i .| | , | a i . |,. ,

TASK OBJECTIVE: To determine Main Propulsion, Status
i I .... " i . i I

m t t t , , t , , t | m , t i , ,-- ,, , ,

TASK PURPOSE: .,To ver tf_ functional integrity and interfac. _ of _ain Pro_sion

components, verify pur_est perform leak che?ks and to calibrate transducers.

TASK LOCATION: TPF/KSC and PPF/WTR
|

TASK EQUIPMENT: 12_ Cradles lh8
i in

18 9 Transporter ,,

S1_nal Cone Unit

18_ umbilical Kit

i_i Workstand Kit ,, , 161

117,.I18 Checkout Cable Kit

127 Data, MgtTest Set 180

119 CommTest Set 163

155 Power Sys Test Set

PTo_Pneumatic Console

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

c/o Access,,Kit

Environ Cool Unit

Prop or Pneumatic
Control Console

PROPULSION TECH 5_ M-HRS

MECHANICAL TECH o N-HRS
:m i

AVIONICS TECH 27 N-HRS
i • i

ENGINEERING 27 M-HRS
i I J i i

QUALITY CONTROL 27 M-HRS

SAFETY o M-HRS
• i

OTHER o M-HRS
ii i Jl i



TASK DESCRIPTION SHEET

TAfiK TITLE: PEP_ozt_ _ TUG c/o - HA_Z P_OPU_ION - ZErO NPSH (1.1.9.h)
e i, ,m ,11 i, u,, i lul ,,m i ,u

T,_K OBaECTIVE: To determine Main Propulsion Status
i , i !

-- I i • ,, i |L ,l i ' " ' ' • J , ,, I

TA_K PURPOSE: To verify functional integrity and interface of main propulsion
i i • ii i |i i . ......

c,_ponents, verify purges, perform leak checks, and to calibrate transducers.
il ii i i i J i i j j

_-- n i i n n [ m I ,

m, |l a, , , I

n, , 1 In , ,-, • u

! , n , I

TASK LOCATION: TFF/Z_SC and PPF/WTR

TASK EQU:PM£MT: 12_ Cradles
. i

183 Transporter
e i i m l . •

191 Workstand Kit
i i .. i

118 C/O Cable Kit

lh8
, • ,|

185
i

127 Data Mgt.Test Set
,| i

119 Comm Test Set

Signal Cond Unit

Umbilical Kit
|| i ,

161 ,Prop Pneumatic Console

I17 C/O Access Kit

180 Environ Cool Unit
, i i,i , J L u=|,

Prop or Pneumatic
163 Control Console

155 Power Sys Test Set
i i ,. , .--, ,,

V_IPOWER REQUIREMENTS: PROPULSION TECH
i i i ii

MECHANICAL TECH
ii i • u in

AVIONICS TECH
i

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

IhrERFACE RECrUItMENTS:

i •

ii • i

0
L i

26
, |

Z6

26
i

0
ii •

0
i •

M-HRS

M-HRS

H-HRS

H-H_

M-HRS

M-H_

M-HRS

"'m!",ll • | II ,, , I • I I

m?,,_. L . m n m n



TASK DESCRIPTION SHEET

TA;K TITLE: PERFO_ _EW TUO C/O - APS - _ONOPROPE_ RLOWDOW_ (1.1.9.5)
it ii i

TA3K OBJECTIVE: To dete_ne _S status
L I I I I

|1 I I ii | I • I i i ,i ii I I i1| I I

iii I i= i I

TA$K PURPOSE: To vert_ _ctton_ integrity _d interface of _ com_nents
i ii ,. , i i i i IDa I

_ _rform leak checks.

i i lu

II_ L I iii i i

I"P "_ i i

'[_K LOCATION:

'1'_ EQUIPHENT:

la i i u i

TPrlZSC and _I_T_
i i i i i i

124 Cradles
J , i i, •

183 Transporter
i I

191
i i

. "163
i i

III'

117

118

_'?JqpoWER REQUIRENENTS:

Norkstand Kit

Prop or Pneumatic

_gntrol Console

ACPS Bre--kout Box
I i l,u

C/O Access Kit

C/O Cable Kit
|| i .

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

..'(TERFACE REQUI REHENTS:

161

127
nl m

i19

155
l

!h8

].85

18o

i|

Prop Pneumatic Console

Data Mgt Test Set

Comm Test Set

Power Sys Test Set

Ri ._nal Cond Unit

Umbilical Kit

Environ Cool Unit
i i i i .

22 M-HRS

0 M-HRS

ll M-HAS
m

11 M-XRS
I

11 M-HRS

o M-NRS

0 M-HRS
i,,i,l_=m,,i_

)



TASK DESCRIPTION SHEET

TASK TITLE: PE_RM ZCSWTUG c/0 - A_S - MONOZ_O_LLm_T - PRESSURIZED (1.1.9.6)
........ i i _

TASK OBJECTIVE: To (lete_ine AI_ status
I I m i • • i i

, m ,,- ,,- ,, i, im ii

TASK PURPOSE: To verify functional integrity and interface of APS components
i iii im

and perform leak checks.
. ,. i i , i,i i i

"?,. .

! I I

TASK LOCATION: TPF/KSC and PPF/WTR
i nil

TASK EQUIPMENT: !..2h Cradles

183 Transporter

191
ill, i

z63

Workstand Kit

Prop or Pneumatic

Control Con_9_e

Iii
i

,n7

118

MANPOWER REOUXREIENTS:

161 Pro_ Pneumatic Console

!27 Data M_t Test Set

119 Comm Test Set

i__ Power Sys Test Set

INTERFACE REQUXEMENTS:

,ACPS Breakout Box

C/O,Access Kit

C/0 Cable Kit

PROPULSION TECN

HECHANXCAL TECH

AVIONXCS TECH

ENGXNEERXNG

QUALITY CONTROL

SAFETY

OTHER

, 1_8 , Signs/ Cond U_it

18_ Umbiligal Kit

180 .... _._nyirpn Cool Unit

36 M-HRS

o H-HRS
iii

18 H-HRS

18 H-HRS

18 M-HRS

18 M-HRS

0 H-HRS

, ,i i i



DESCRIPTION "'"TASK SHEET .....""

TASK TITLE: FERFOKM NEW TUG C/O - APS - BIPROPELLANT (i. i. 9- T)
u | u i n I n

TASK OBOECTIVE: To ctetermtne kPS status

• i t

tl

TASK PURPOSE:

tt ' '' ' ' ' "

To verify functional integrity and interface of APS components

_.d perform leak checks
i ii e , i i i,|

t

TASK LOCATXON:

TASK EQUXPMENT:
e.-_ i

Ka,NPOWER REQUIREMENTS:

TPF/KSC and PPF/WTR
|

124 Cradles 161
i

183 Transporter . 127

191 Workstand Kit 119

" Prop or Pneumatic

163 Control Console I_5

iii ACPS Breako,_ Box lh8

117 C/0 Access Kit 18_

118 C/0 Cable Kit 180
i

PROPULSION TECH
i

MECHANICAL TECH
i

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER
i

INTERFACE REQUIREMENTS:

i i i I I

Prop ,Pneumatic Console

Data M_t Test Set

Co_mTest Set

Power Sys Test Set

Signal Cond Unit

Umbilical Kit

Environ Cool Unit

50 M-HRS

o M-HRS

25 M-HRS

25 M-HRS

25 M-HRS

o M-HRS

o M-HRS



TASK DESCR|PTXON SHEET

TASKTITLE: PE%F.OX,' C/O CeYOO. :Z.C(1.I: 9.8)

TASK OBJECTIVE: To determine _S status
• i I t i I ii

i! I I • i if i im i ' IL II

TASK PURPOSE: To verify functional integrity and interface of APS com_onents,

perform leak. checks , inspect turbo .pump bearings .and check shaft torque. .....

I i , i i , ,, I

__ • i,, ,,, ii | , ,| i

II I ii L i i I ii i
i

I i I 1 l II I ii i ii _ i[ i i I

L I ' ]

TASK LOCATXON:

TASK EQUIPMENT: 12_
i L

183
i •

191

• i ii

Cradles
i

Transporter

Workstand Kit
l

Prop or Pneumatic

163 Control Consoie ,

Iii " ACPS Breakout Box
t , m ,

117 C/O Access Kit

I18 C/O Cable Kit
, m , i n

14ANPOMERREQUIREMENTS: PROPULSION TECH

INTERFACE REQUII_MENTS:

127

119

155

,,t J , i | L

161 Prop Pneumatic Console
'L J I '| ' ' ' i 'l

Data M_t Test Set
.t

Comm Test Set

Power Sys Test Set

lh8

185

18o

MECHANICAL TECH
i |

AVXONXCS TECH

ENGXNEERXHG
i tt

QUALITY CONTROL
t, L

SAFETY
t i

OTHER
i i

i I ,, L r

Signal Cond Unit

Umbilical Kit
i. t

Environ Cool Unit
,i

8b, H-HRS
a

0 N-HRS
t i H im

Z_2 14-HRS

_2 ' M-HI_

_2 M-HRS

0 M-HRS

0 M-HRS

i ,

,|



TASK DESCRIPTION S)IEET

TASK TITLE: PERFORM NEW TUG C/O - AVIONICS (1.1.9.9)
• I i i i i

TASK OBJECTIVE: To determine avionics status
t I I I I L II I

TASK PURPOSE: To verify functional integrity and interface of avionics
i i IL | ms i iJ ii i i

components and perform required calibration
i i i .. m u ill ,, ,, .. I i , i , ,m , I ,

TASK LOCATION: TPF/KSC and PPF/WTR
il

I l'%J I%

-. 15_ PU Component ,Test Set

302, 30h, 305

& 307 COMPUTER

PROGRAb"S

_ !_6. Prim Bert C/O Kit

..... _121.. Comsec Eqtdpt .

;_a i_8_:_"" __ _, ._

185 ....Transporter

191 Workstand Kit

1%8 q,ab%e Kit ,

11_, CommTes% Set

i27 ,,Data_-t Te_t Set

i_ Powe K S_s Test Set

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

Si_rn.al Cond Unit

16_, Tu_ Simulator

I_8 Orbiter Simulator

, 168. ._Spacecraft,, Simulator

174 Star Tracker ,Sim

J

18o

o
| • l

0
el l•

i , L

,_._nvlron Cool Unit

M-HRS

M-HRS
li el ,

_8. _, ,, M-HRS

1o M-HRS
ii

o M-HAS
,i

0 H-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE/LrPDATE M_ SC_OT, E (1.1.ZO)

TASK OBJECTIVE: To provide final update of M&R schedule prior to acco=pllshln_

unscheduled M&_ tasks
I |

: , ,

i i i|

TASK PURPOSE: Incorporates unscheduled M&R.,...requirements....... resultinq from post

i_ight/recetving inspection, ,and post flight, post storage, and hey tu_ checkout.

i

i i

i

TASK LOCATION: TPF/_C and PPF/_R
|

TASK EQUIPMENT: 127 Data Mgt Test Set

i

MANPOMER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITYCON'mOL
SAFETY

OTHER

0

0

0

li,

l,

l,

0

i

M-HRS

_ M-HRS

H-HRS

M-HRS

H-HRS

M-HRS

M-HRS



TASKDESCRIPTIONSHEET

TASKTITLE: PERFORM STRUCTURE/_X_CF-_IICAL M&R (i. i. ii)
im .= i . i

TASK OBJECTIVE: To correct structure/mechanical subsystem discrepancies
i| i m , t i

i|| i i i , i , i i , L ,, i i

TASK PURPOSE: Tllts task is primarily concerned with the rerformanee of unscheduled

M&R tasks required to maintain/restore the Space Tug to satisfactory condition.
, i ii

The magnl_ude of thls task wlll vary with the conf1_uration and each individual
i i |i m , , ,. i

mission.
i ..i • i i ,,i | . i .

ii i

TASK LOCATION:

i ,i

TPF/KSC and PPF/NTR

TASK EOUIPMENT: 121, Cradles

18_ Transporter .
i i

1.91., TTorks.taud Kit

• i , |

, i ,|

HANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 0
i •

HECHANICAL TECH -_

AVIONICS TECH 0,,.._

ENGINEERING . , 0

QUALITY CONTROL 0

SAFETY , 0 i,

OTHER o

i

H-HRS

, M-HP_

H-HRS

M-HRS
,i

M-HP,5

M-HP,5

M-HRS

• Z:>-v



TASK DESCRIPTION SHEET

TASK TITLE: PEXFORM PRO?ULSZOH M_R (1.1.12)
... , . . | i i • ii

TASK OBJECTIVE: To correng Propulsion subsystem discrepancies
i i i ,

m ill i i | i i ii i ii .t ill| i • i l ill i

, u ........ l ,|

I | ,, , ,,a , ,m i , I , ,,

TASK PURPOSE: This task is primarily concerned with the .l_erformanee.of unscheduled

M&R tasks_reouired_to maintain/restore the Space Tug to an operable condition.

The _ag,nitude of,this task ,will vary with the confi_uratlon and each individual

zLts sions.
i i,i L i, r, i • i . , | i . •

i • | , i , l i i i .- i i

I ,, . |,, i

|, i • ,, t

TASK LOCATION: TPF/KSC and PPF/_J_R
i

TASK EQUIPMENT: 12b Cradles
,i i • i , i | ,

183 Transporter
,i

..... i60, ,Prop comp Repair Y_t

• i

191 Workstand Kit

130 ,Engine Actuation Fixture ,,

131 Engine Align Kit _ ,,

132 .... Engine Handling Kit

133 Engine Position Fixture

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

• i ,

INTERFACE REQUIREMENTS:

0

0

0
i

0
i

0

L

M-HP,S
i

M-HRS

M-HRS

M-HRS
i

H-HRS
ill

H-HP,S

0 ' M-HRS
i i il

. ,,i



• TASK DESCRIPTION SHEET

TASK TITLE: PF_FOI_AVZO;;ZCS MaR (1.1.Z3)

TASK OBJECTIVE: To correct avionics subsystem discrepancies

TASK PURPOSE: This task is primarily concerned with the performance of

unscheduled M&Rtasks required to maintain/restore the Space Tu_ to an o_erable

condition. The magnitude of this task will vary with the conft_uratio n and

each individual mission.
, i, i J i

W

TASK LOCATION: TPF/KSC and PPF/WTR

TASK EQUIPHENT:

30_, 305 & 307

COMPUTER

PROGRAMS

_LV_

191

115

Cradles

Workstand Kit
| i

Battery Handlin_ Kit

143 Guld & Nay System C/O

, 159 PU Test Set

164 Battery C/O Kit

174 Star Tracker Test Set
i ,

Guid & Nay Test Set

HANPOWER REQUIREMENTS: PROPULSION TECH

HECHANiCAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

o M-HRS

0 M-HRS

32 H-HR5

0 H-HRS

0 H-HP,S

0 H-HP,5

0 H-HRS

INTERFACE REQUIREMENTS:

D. ,.,,.



TASK DESCRIPTION SHEET

TASK TITLE: REMOVE MaR GS_. (:]..1.1_)
i li | _ i • i i

TASK OBJECTIVE: To clear area around the Tug to permit transfer to prelaunch
• • ii i i

i .u i • i • | ill|m i i .i | ii • j i_ i i

. ,, , ,, . ' :. , . u • ,

TASK PURPOSE: To disconnect and remove GSE, required during M_ to a position
i im • i u i

vl_ch permits unobstructed movement of the Tug..
i wl i i i ii i i i . i i ii t i i

TASK LOCATION: _:'F/_C and PPF/_R
= , , -- w, i i

TASK EQUIPMENT: 12_ Cradles
,,i |

183 Transporter
i i • i |

191 Workstand [dt
,. • .... ,

i

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

,, ,, i i

, ,, , , ,

,, i

, i , i ,,,,

0 14-HRS
m i

H-HRS

O H-.HRS

o M-HRS
• ,| L

• :;. M-NP,S
o ,, M-HRS

0 H-HRS
i



TASK DESCRI?TION SHEET

TASK TITLE: RECnlVE FSE AT TPF/PPF (i.I.I_)
i i

TASK OBJECTIVE: To physically enter FSE In'.o the MER cycles. This task and
i i

subsequent tasks consider (!) ',fewFSE, (2) :"ST,from post landlng operations
i i , IH i i ,i

and (3) FSE from storage.
i i i , ' i

TASK PURPOSE: To inventory FSE. _re_e routlnn ta_s and transfer FSE to aD-

Dro_rlate york area.

TASK LOCATION:

TASK EQUIPMENT:

TPFIKSC and PPF/WTR

13h Ecuipt Van

MANPOWER REQUIREMENTS:

INTERFACE RECUIREMENTS:

PROPULSION TECH

i_CHANiCAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

3

0

0

0

0
i

3

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

• ?



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE FOR INSPECTION (1.1.16)
m,m ,,

TASK O_ECTXVE: Perform those tasks requiredto facilitate inspection
i i i m H ,i , ' , ,,. i me, , i

• I | ,., . , . ,., , .m , |

TASK PURPOSE: Separate tilt table from Tug, clean FSE external surface,

position/connect GSE a_d perfo.rm self check. ...

TASK LOCATION: TPF/_KSC" and PPF (_I?R)

TASK EQUIPMENT: 12_ CTacl_Zes

183 ,.Transporter .

191 Workstand Kit ....

.i81, .Tilt ,Table Handling. Kit ,

J

HANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL
m

SAFETY

OTHER

INTERFACE REQUIREMENTS:

O

,,_-6....

0

O
,m,|i ,, ,

o

o

o

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS
L

M-HRS

M-HRS

J



TASK DESCRIPTION SHEET

TASK TITLE: P_RFORM FSE POST FLIGHT/RECEIVIZ{G INSPECTION (1.1.17)
i J

TASK OBJECTIVE: To determine FSE physical condition, installation integrity
i i ii i 1 i

and FSE status where instrumentation is not feasible.

TASK PURPOSE:

,| , ,

To identify unscheduled M&R requirements not previously identified.
im • i i w l

• i i , , | i

TASK LOCATION: TI:'F/_C and PPF/WTR ........

TASK EQUZF_.HT: .....

ii

HANPOMER REOUXREHENTS:

INTERFACE REqUXREMENTS:

L ' •

PROPULSXON TECH

HECHANICAL TECH

AVXONXCS TECH

ENGINEERING

QUALITY CONTROL

SAFETY
iJ

OTHER

i I

11.5
i i

12

0

16
[

0

0
,1

H-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M.-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PPJ_PARI':/'J_-!JA_M&R SCE£DU_E CI.I.18)

TASK OBJECTIVE: To _,,',,v!._e_In_.update of ;x_ schedule. Drlor to accomplishin=

umscheduled M&-R tasks.

TASK PURPOSE: Inc°rl."l_.xtes unscheduled M&R re muir_ents resulting, from Post

•Fli6ht/Receiving Insl_"-'iLLun an d Post Fli_ht I Post Storage, and New _:g Checkout.

i

TASK LOCATION:

TASK EQUIPMENT:

TPF/K::(' ',ud PPF/WTR

127 "-,t,a Mgt Test Set

118 _' ,) Cable Kit (Partial)

, i

MANPOWER REQUIREMENTS: PROPULSION TECH

_CHANICAL TECH

_VIONICS TECH

_NGINEERING

(_ALITY CONTROL

_AFETY

_THER

O

O

O

8._

0

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

INTERFACE REQUIREMENTS;
v



TASK DESCRIPTION SHEET

TASK TITLE: P_eFOmM FSE M&R (1.1.19)
__ m ...... -- ,,

To correct FSE discrepancies.
TASK OB_IECTIVE: ....

TASK PURPOSE: This task is primarily concerned with the unscheduled M&R
t i i ,11 i i .J i

tasks rea_ired to maintain/restore the Tu_ FSE to a satisfactory condition,
.. . .i ,| u i i i i , i, .

however, there are some scheduled M&R tasks such as cleaning fluid umbtltcals.
s i i i i i

i , m , , ,, ,

i iii i i ,l

TASK LOCATION:

i i , i , , ,ira ,,, ,,,,

_n?F and LOX Cle=m Faeillty/KSC and PFF and LOX Clean Facillty/'w_R
. l i • | . • n

TASK EQUIPMENT: 160 Prop Component Repair Ki_%

181 Tilt Tabl_ Fixture

i,,| , , ,,, |

MANPOWER REQUIREMENTS: PROPULSION TECH

i_CH_ZCAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

,t i

_2 M-HRS
l t

i6 , _ M-HR5

, M-HeS
q M-HRS

o M-HRS

. g ,, , M-HRS

o M-HP,5



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE FOR STORAGE (1.1.20)

TASK 0MECTIVE: To place the Tug ,in a condition, vhereby,,.,it,, can be.,stored. .wlth

minimum subsystem degradat, ion.
i

TASK PURPOSE:

i

This task includes battery removal, installation or dessicant

package, cleaning the Tug, installing protective covers, etc.

TASK LOCATION:

TASK EQUIPMENT:

, ,, i

TPF/ESC and PPF/'_TR

124 Cradles

183 ..Tr,ansporter

191 _'orkstand Kit

123

180 Env_rnn Cnn+._ol Unit

1_15 Battery_ P.ndl 4'hE Kit

MANPOWER REQUI REMENTS:

INTERFACE REQUIREMENTS:

Cover-Tug

Component Protective Covers

Static Dessicant Kit

PROPULSION TECH 6-

MECHANICAL TECH 2_

AVIONICS TECH 2

ENGINEERING o

QUALITY CONTROL o

SAFETY _ o

OTHER o

M-HRS

M-HRS

M-I.IRS

M-HRS

M-HRS

M-HRS

M-HRS

...../

J



TASK DESCRIPTION S_EET

TA_K :TLE: PREPARE FOR TRANSPORT (1.1.21)

T/L_V,
_JECTIVE: T ° place, the Tug in a CransPcrtable condltlon

TASV
/JRPOSE:

h.

-------ink up to a prime mover
ii l IL ii i i.

qmDi.....

i ,i i i , i

Thls task includes clostn_ and.s, ecurin_ access panels, and

i i

i

-TASy
OCATION:

TAS_ :QUIPI_T:

i Jll,-- |l i i i i i |l i i ii

|l ii • i ii

18 9 Transporter

191 Workstand Kit

/182 Tractor - Transporter
m i

ii

i i |

HN.
'_ER REQUIREHENTS: PROPULSIONTECH

NECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER
J

INII':ACE REQUIREMENTS:

i |

• i

o N-HRS

T _ , M-HP,S
o N-HRS

i .ll i

o N-HRS
ii

o N-HRS

o N-HRS

1 N-HRS
ii

i 'l



TASK DESCRIPTION SHEET

TASK TITLE: TRA_SFER TO STORAGE (1.1.22)

TASK OBJECTIVE: To locate the Tug in a designated.,, stor_e _:ea.

TASK PURPOSE: To move Tug from TPF/PPF to storage area.

TASK LOCATION:

TASK EQUIPMENT:

,, t

TPF to Storage Area/KSC and PPF to Storage Area/WTR
it t

12b, Cradles

183 Transporter

123 Cover-Tug

120

; 182

ComPonent Protective Covers

Tractor- Transporter
t

MANPOWER REQUIREMENTS :

INTERFACE REQUIREMENTS:

PROPULSION TECH 0

MECHANICAL TECH
t

AVIONICS TECH o
i i i

ENGINEERING 0
ii

QUALITY CONTROL 0

SAFETY 0
t i

OTHER
m

H-HRS

H-HILS

H-HRS

M-HRS

M-HRS

M-HRS

M-HRS

..j



-__j

TASK DESCRIPTION SHEET

TASK TITLE: PERFORM STORAGE _PORT (1.1.2B)
i

TASK OBJECTIVE: To =inimize subsystem degradation during storage.
, i

TASK PURPOSE: To perform inspection, servicing and other preventive maintenance

tasks, as required.

TASK LOCATION:

TASK EQUIPHENT:

, i

Designated Storage Area at KSC and WTR

180 Environ Control Unit

12_ Cradles

183 Tran,sporter ,

123 Cover-Tu_

129 Component Protective Covers

I_IPOWER REQUXREHENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

i_CHANiCAL TECH
i

AVIONICS TECH

ENGINEERING
i

QUALITY CONTROL

SAFETY
L

OTHER
| i ii

0
i

0
I

0

H-HRS

U ll_e'

M"I'II_
| i

H-HRS

H-HP,S

H-HRS

H-HRS
i ii

H-HRS

i



TASK DESCRIPTION SHEET

TASK TITLE: REMOVE FROM STORAGE (l.l.2h) __/
,u , • '

TASK OBJECTIVE: Determine Tug physical condition and place _ in a transportable

condition.

i

TASK PURPOSE:

i i | i

Inspect Tug for general condition, identify subsystem discrepancies
, , | , ,| |,i

and prepare for transport.
i

TASK LOCATION:

TASK EQUIPMENT:

i i , i i , i i

Designated Storage Area at KSC and WTR
i

12_ Cradles

183 Trans_grter

123, Cover-Tu 6

120 Component Protective Covers

J

i ,,

HANPOMER REQUXREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i

l,
i

l,

0

0

0

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS

H-HRS

.,.j



TASK DESCRIPTION SHEET

TASK TITLE: TR_;SFER TO TI:_F/PPF FOR M&R (1.1.2_)

TASK OBdECTIVE: To locate the Tu_ at the TI__F/PPF

|

TASK PURPOSE:

,,,, | , ,,

To move T_ to TPF/FPF from st?rs_earea.

TASK LOCATION:

vaev,_,_EQUIP,-'_NT:

Storage Area to TPF/KHC and Storage Area to PPF/WTR
, ml i m , i

12h Cradles
"1

183 Transporter

123 Cover-Tug

120 .Component Protective Covers

182
|,

Tractor - Transporter

MANPOWER REQUXREHENTS:

INTERFACE REQUIREMENTS:

, ,m , , • i ,

PROPULSION TECH o M-HRS
• mH |,

MECHANICAL TECH 2 M-HRS
I

AVIONICS TECH 0 M-HRS
i

ENGINEERING o M-HRS

QUALITY CONTROL _ , , 0 M-HRS

SAFETY _ 0 M-HRS
• |

OTHER 2 M-HRS
m ,m

7



TASK DESCRIPTION SHEET

TASK TITLE: TRAI_SFER TO PI_LA_ZCH (1.1.26)
i i i i e i .

TASK OBJECTIVE: To locate the Tug at 1;he Prelaunch area
im in i H i

it i i |m i i | i i ||

• t t

TASK PURPOSE:

i |, • t |tt i t

To move Tug from M&R area to Prelaunch area
ii | _ i i . ..-

| • i ,ram t m

i

t t

i| i

TASK LOCATION:

TASK EQUIPMENT:

it at

TPF to VAB/KSC and PPF to VAB/WTR
i i i m it i |,

12_ Cradles
i l,|ll ii ii i

183 Transporter

_82 Tractor - Transporter

. i n i

t

[

. °

L _ i

t i "" ii •

a

HANPOMER REQUI REHENTS:

INTERFACE REQUIREMENTS:

in

PROPULSION TECH
ii

MECHANICAL TECH
| ii ill

AVIONICS TECH

ENGINEERING
II

QUALITY CONTROL
ill i

SAFETY
ii i

OTHER
| • i

0

0

0

0

0

l,

t

M-HRS

M-HRS

M-HRS

' M-HRS

M-HRS

M-HRS

M-HRS

m



TASK DESCRIPTION SHEET

TASK TITLE: POST M&R VERIFICATION (1.2.1)
i , i i i i

TASK OBJECTIVE: To assure that Tug subsystems on which,L I,_R has been performed

will now function satisfactorily and that the Tug is ready for transfer to pre-
i i i

launch area.
i

• ,L

TASK PURPOSE: To verify that fault detection and isolation of subsystem, dis-

crepancies was accurate, M&R tasks were performed correctly, and that performance

of M&R tasks have cleared subsystem discrepancies.

TASK LOCATION:

TASK EQUIPMENT:

lh8 Signal Cond Unit

185 Umbilical Kit

161 Prop Pneum Console

180 Environ Cooling

159 Prop Util Test Set _

3Oh, 305 & 307 155

COMPUTER PROGRA_

MANPOWER REQUIREMENTS:

• i,

TPF/KSC and PPF/WTR
ill

12h Cradles

183 Transporter
ii

191 Workstand Kit

118 c/0 cable Kit
i iii

127 Data Mgt Test Set

i

Power Sys Test Set
i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

.QUALITY CONTROL

SAFETY

OTHER

, , | ,

156 Prim Batt C/0 Kit
i, IL

169 Tug Simulator
,i

168 Spacecraft Simulator

17h Star Tracker Test Set
i

III APS Breakout Control Box

2 M-HRS
i

T M-HeS
1 N-HRS

o M-HRS

M-HRS

o M-HRS

o M-HRS

INTERFACE REQUIREMENTS:



TASKDESCRIPTIONSHEET

TASK TITLE: PERe'ORM POST M&.R VERIFICATION - FSE (1.2.2)
i :l i J i ii •

TASK OBJECTIVE: To assure that Tu_ FSE on vhteh M&R has been performed, vt12 nov
ii • i

l_nctton satisfactorily and that the Tug is ready for transfer to the prelaunch
i i i eJ |l i i i | i i

_rea.

J

TASK PURPOSE: To verify that performance of FSE_&B tasks have corrected
IlL il II I

preciously identified discrepancies.
ill i i|ll i | n

TASK LOCATION:

TASK EQUIPMENT:

HANPOWER REQUIREHENTS:

i i ,

TPF/ICSC and PPF/_R

i i,:l,

118 C/O Cable Kit
i n

127 Data )_t Test Set
i i i |l

119 Connn Test Set

155 Power Sys Test Set
• . .- H.I ,, ,i n ,:,

IM8 Signal Cond Unit
i | j,, .

IM9 Orbiter Simulator

PROPULSION TECH

HECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i m, , Irm, , u, ,

I

181

,185

2
i

2
. i i J

0

8

0

0
i : i

INTERFACE REQUIREMENTS:

i |

Tilt Table Handling Klt

Umbilical Kit

M-HRS
|

H-HRS
i i

H-HRS

M-HRS
|

M-HRS
i

H-HRS

H-HRS



TASKDESCRIPTIONSHEET

TASK TITLE: RECEIVE FSE FROM M&R (2.1.1)
i i| ii

TASK OBJECTIVE: Assemble flight configuration Flight Support Equipment for
i

transport to Orbiter MCF where it will be installed in the flight
• i i i i

Tehicle.
Him I|

|

TASK PURPOSE: To assemble the total complement of FSE required for the

mission. Personnel will receive, check, and load this equipment into
i

a Tan for transport to the Orbiter for installation.
i

TASK LOCATION:

TASK EQUIPMENT: Z3h

I

TPF/KSC and PPF/_R

Transport Van
..L----_.

_ DQllies

• .Low_07

MANPOWER REQUI REMENTS:

INTERFACE REQUIREHENTS:

PROPULSION TECH 0 M-HRS

MECH/_XCAL 7ECH o H-HRS

AVIONICS TECH o H-HRS
i

ENGINEERING 0 M-HRS

QUALITY CONTROL 2 M-HRS

SAFETY 2 M-HRS

OTHER 11 M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: RECEIVE TUG FROM M&R (2.1.2)
, ml i i • i i | 1| |

TASK OBJECTIVE: Receipt of the Tug vehicle from the Maintenance and
.... - , i i i_ i ii ii , I

Ref_rbts_ent operations.
s _ i i, q i ii .I .

i • j i i ii i . ii i i i im

TASK PURPOSE: This task Initiates the Prelaunch Operations on the Tug
i L ii • i i • im i

vehicle, and includes preparatory work for flight co•flOtation.
e , || i i i m ql i i |

i • i i ii i I , |, i | | ii

I ii i| i,, i . i|. i | r"

i i , ,, L , , •, i

TASK LOCATION: TPFIT_C e.,',dFPFIW_
| H ,q , , L i

TASK EQUIPMENT: 191 Side Workstands
in i .

183. Trans._orter

124 Cradles
I ii , i

,,| i

v

,|• i ,• i i if

l,i i

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUI_MENTS:

i i

iiH •

i•

ii

ii

i

0 H-HRS

•o H-HR$

0 H-HRS
ii

0 M-HRS
I

0 I_HP.$
z I

o M-HRS
i i

5.5 M-HRS
i

"  -6Z



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE TUG FOR PPF TRAL'ISFER (2.1.3)
i i i

TASK OBJECTIVE: To prepare the Tug vehicle for transferL to the DOD Payload

Processing Facility at KSC for DOD spacecraft work prior to launch.
I i i i i

I L i i

TASK PURPOSE: To encapsulate the Tug in a protective cover to insure vehicle

1OO,OOO class cleanliness.
i

i

TASK LOCATION:

TASK EQUIPMENT:

rPF/_C

12,,3 Tu_ Covers

Cover Bar
I il

121_ Cradles

183 Transporter

191 _rorkstand Kit
I

|

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITYCONTROL

SAFETY

OTHER

0
i

0

O

O

O

13
i

i i

H-HRS

M-HI_

H-HRS

H-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFERTUG TO PPF (2.1. _. )
i i i i i ii i i ii ii

TASK OBJECTIVE: To provide the Tug vehicle at the PPF for preflight spacecraft
llll i i i | ii m -

york required for a DOD mission.

ii i ,

TASK PURPOSE:

,! m, i| i, , i , , , i i | l,

, • i ,

To transfer the Tug vehicle from the TPF to the PPF at KSC.
im llll i l lll • i • ii iii i

, ,• | , i i

TASK LOCATION: TPF-to-PPF/KSC
im i

TASK EQUIPHENT: - -,
• i i i i i i

183 Transporter
• i i i i • ii i

12)_ Cradles
i e • •lmL ii

123 Cover-Tug
L i i

182 Transporter Tractor
H i • i

,,,,,, i I•L iii •

I'iANPOklERREQUIREHENTS: PROPULSIONTECH ,.o

PECHANICAL TECH ..... o,

AVIONICS TECH o
i ii ii

ENGINEERING o
, i

QUALITY CONTROL 2

SAFETY o
i imm

OTHER ..... ?

INTERFACE REQUIREMENTS:

i ,

PI-NRS

N-HRS

H-HRS

Iq-HRS

H-HRS

Iq-.HRS

N-HRS

J



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER PAYLOAD TO SPF (2.Z.5)
ii • i ii u lu ii i m i i •

TASK OBJECTIVE: Transfer of the Tug to the Storable Propellant Facility for
i i l i i i _ _ i| !

loading of the Storable Attitude Control Propulsion System
i • [ nn nu n iuln u . L nu I u

I L U n n L n ...... ,! n

inn L n _ . .n_n • u i m i msn i n

TASK PURPOSE: The Tu_ and Spacecraft are tr.=ensfered " to this facility .to allow

IoadlT_A_ ,Of th_ ACP$, .......

,, n u

TASK LOCATION: . _/ _d T,rrR .Z_--to-ppZ,,zcs,c .

TASK EQUIPHENT:

3.82

123/z22

183 .Transporter .....

Tractor- Transporter ....

el

Covers
i I i • |

__ i i nut u i is I

•(Securit_ Vehlcle) , =

L n n

,,n n nn i u i inn

HANPOHERREQUIREMENTS:

INTERFACE REQUIRENENTS:

PROPULSIONTECH

.I_PMANT CA/ TrCH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i i

II i

H H ,am i

o . H-HRS

3. H-HRS

0 . H-HRS

2 H-HRS
• |l e

o M-HRS
H i i

o M-HRS
i la

9/17 N-HRS

n nn n



TASK DESCRIPTION SHEET

TASK TITLE: s_:)_ PeOPEL_U'_'T S_VZCI_;O (2.1.?)
I I i i i

TASK ONECTIVE: To complete the prelaunch servicing o1" the storable monopropellant
i i i| II i:1 i

attitude control propulsion system.
! iii | • | i i I i ii i I i i

al i i i L • I ii |

TASK PURPOSE: The storabl e ACPS. is purged, loaded, and.., leak tested, at the

SPF before transfer to the N,CF for Orbiter inter, ration.
I I ill i i i i i i i u i

. I l I ii ii i i iii i i i • •

- i ,i i,̧ i ii I i iii ,,i i

TASK LOCATION: SPF/KSC and
i ii i i

TASK EQUXPHENT: 1.12 AP,,S.z.oaain_ At,tess,, ._._

, , ,, , , , m, i

SCAPE Suits (2)

139 Gas Sampling Equipment

161 Pneumatic Console
• i

113 Propellant Servicer
i ii i ii i, i m

MANPOMERREQUIREMENTS: PROPULSIONTECH

MECHANICALTECH

AVIONICS TECH

• ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREM_HTS:

ii i ii

185 Umbilical Kit
i

182 Tractor
i | ii i i

123 Covers
i I iii . ......

109 Portable Cleanliness Tent
i im i,m i i i i= i

192 (Seeuz'tty Vehicle)
i i i

i

I;0
| m

8
ill i i i

lo
i

i m

18
i

|

i

• i

i i ii

1T

2/21
ii

i J

H-HRS

H-HRS

H-HRS

M,-HRS

H-HRS

H-HRS

H-HRS

• i ,, , |1 , i



TASK DESCRIPTION SHEET

TASK TITLE: STORABLE P_OPELLm_ SERVlC_O (2.1.6.a ALTm_AT_)
, i ,| a i

TASK O_ECTIVE: To complete the prelaunch servicing of the storable monopropellant
| i ii i i , . | i m- • .

attitude control propulsion system.
[ m i |lie I i , .,-_

., , , , u ,i ,

TASK PURPOSE: The storable ACPS is purged, loaded, and leak tested at the

launch pad with the Tug inside the payload bay, using the T-26 service
i I i I i J i

mnbilicals.
i | i |

,| H, I [ ' "' ' ' I , ,, ,m ,n I , ,, ,,-

TASK LOCATION: Launch Peu:l/Y.._C and WTR
Ill • • "• I I

TASK EQUIPMENT: 112 APS Loading Access Kit
i

118 Cable Kit

] i | |m

SCAPE Suites (2)
i , i

139 Gas .Sampling Equipment
u | . lli._ , L i

162 Pneumatic Console
L I

113 Propellant Servicer
i I I |i

,I;_ f_aunch L_b Sys

" 143 Signal Conditioning Unit

155 ,Pqwer SZs Test Set

176 Subazs MoNitor Consoles

128 Telemetry Groun@ Station

163 Prop or Pneu. Cont. Console

MANPOWERREQUIREI_NTS: PROPULSIONTECH 36
i i

rr _6 ,_CuxA,_IIeA,_ALT..,,H

AVIONICS TECH 22
im

ENGINEERING ,.. TO

QUALITY CONTROL 22
i i q i

22
i u | i | i, |l_

OTHER
\ I •

INTERFACE REQUIREMENTS:

m i i

M-HRS

.M-H_

M-.HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: STORABLE PROPELLANT SERVICING (2.1.8)

TASK OBJECTIVE: To complete the prelaunch servicing of the storable bl-
im i q ii i i

propellant attitude control propulsion system.
I i i I| i i i ml| , u i ,

...#/

I i i ii ill i I i i

i i ii i

TASK PURPOSE: The storable ACPS is pur_ed, loaded, and leak tested at the
i u I : | ii I

SPF before transfer to the MCF for Orbiter tnte&Tation.
i • i ii ul i i • i

| ii| L Illll i i lira ill i i i

i ii |

TASK LOCATION:

TASK EQUIPMENT:

i i ii •

sP / scane u=billcal
I | • m i i i !

112 APS '5oadtn_ Access Kit 183 Transporter
I i H : i

139

161

113

HANPOMER REQUIREMENTS:

i

ii i iiii

8ACPE Suits (2)

Gas Sampling Equipment
| i , ||

Pneumatic Console
ll| i i

Propellant Servicers (2)
i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i

ii |11 i

i i

roll

182 Tractor
m|

122/123 Covers
i

109 Portable Cleanliness Tent
i i

192 (Security Vehlcle)

| iii

88 M-HRS

1o IT-HItS
i. i

1_ . M-HRS
L_

_.6 N-HRS
I i

23 M-HRS
i

23 M,-HRS
. i

2/38 N-HRS



TASK DESCRZPTZON SHEET

TASK TXIIE: STORABLE PROPELLA_T SERVICIq;G (2.1.6.b ALTERNATE)
i i| iw i .

TASK OBJECTIVE: To _omplete the prelaunch .servtcin_ of. the storable biproRellant

attitude control _ro_sion s_rstem.
• e le I I u • I i i i

e m i m • • i i |

m i m I , i iii, m i i i mm i |m

TASK PURPOSE: The storable ACPS is pur_ede Joaded, and leak tested at the

launch pad t with the Tug inside the payload bay, using the T-26 service

_bilicals.
ii,|

TASK LOCATION:

TASK EQI_XPMENT:

Launch Pad/KSC and WTR

112 APS Loadin_ Access _

118 Cable Kit
i ii

SCAPE Suits (2)

,,146 Leuneh T_h SyS

i_8Si_nal Conditioning Unit

i_5, Power S_s Test Set

,176 Subszs Monitor Consoles

139

162

113

Gas Sampling E_uip=ent

Pneumatic Console ':
i

ill l [

.128 Telem.etry Ground Station

MANPOWER REQUI REHENTS:

Propellant Set?leers (2)

PROPULSION TECH
i el

MECHAN!CJ_[ TE_CH

AVIONICS TECH
i

ENGINEERING

QUALITY CONTROL
|

_, SAFETY
I •

OTHER

16_ l_op or Pneu Cont. Console

_E M-HRS

_. M-HRS

_2 H-HRS

lO6 M-HRS

32 M-HRS

20 M-HRS
i

26 M-HRS

INTERFACE REQUIREMENTS:



TASKDESCRIPTIONSHEET

TASKTITLE: PREPARE FOR SPACECPArr EQUIPM_?r (2.2.1.1)
! i i is i ii

TASK OBJECTIVE: To prepare the Tug and york are& for Installation or" speu=ecraft
n li

equipment for a retrieval mission.
.. - ,. ll i i • i

I | iii[ i iii iii i |

I II I I ii i i i ii I i i ii ill i

TASK PURPOSE: To assemble the Tug and spscecraft retrieval unique equipment
ii I i ! i ii

together in one are& for prelat_ch J.ntegratton .v_rk on the _ vehicle.
., ,, - i I i l. i I

. in i i i • ! . n

TASK LOCATION: TPI_ or I_F/_C and PPF/WTR
iii i i i •

TASK EQUIPMENT: 183 Transporter

13_ Van
i , I

191 Work Stands
, , --q I i in .

12k Cradles
i I

182 Trsctor - Transporter
m

MANPOMER REQUIR_NTS:

INTERFACE REQUI REHENTS:

I • ,m i

I

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROl.

SAFETY

OTHER

I

0
I

1

1

0
I

1
i i

0

6/6.5
i i , ii i

II I

H-HRS

_ I_HRS

H-HI_

H-HP,S

H-HItS

H-HRS

H-HI_

lea v



TASK DESCRIPTION SHEET

TASK TITLE: I_TSTALL SPACECRAFT, ,EQ,UIPME_9 ( 2.2. i.,2.a,)

TASK OBJECTIVE: To 1natal! spagecraft unique equipment,, for a, DOD retrieval

alsslon.
• J t n i t i t , .

I i _ i i | i|111 i i | i i|.

i i ii ii iii i I i • i i I i i i ii

TASK PURPOSE: .To complete the spacecraft e_ui_nent tns te_lation on the Tu_

Tehicle for I_D sp_ecrLft retrieval, mtss$o_.
I L II i Ill _ g . i I I I I I

L • I il I ii ,,i ill l i li ill

TASK LOCATION: PPF/_SC and
t t in

TASK EQUIPHENT: 191, Work Stands ,,and Platf._rT_

183 Transporter
t |. .

150 payload Adapter Handling E_uipment

12h Cradles
I

182 Tractor - TransPorter

181_ _ Su,ppo,rt Kit Vertical

._t_i.l_J__._R_IRE_lrrs:

INTERFACE REQUIREMENTS:

• ii i |1 I i i I

PROPULSIONTECH O, , M-HRS

MECHANICALTECH k I_H_
, i i i I

AVIONICS TECH _ N-HRS
|l i t i l

ENGINEERING o M-H_

QUALITY CONTROL , 2 M-HRS

SAFETY o M-HRS
HI t t

OTHER 3 M-HRS
t ! I

I I I ,, i i i L

|m i i i i



TASK DESCRIPTION SHEET

TASK TITLE: I_STAT_T, SPACECRAFT D_UII_-'_ (2.2.1.2.b)
i i i i

TASK OBJECTIVE: To 1.staLl spacecraft untrue equtpment..for a _ASA spacecraft

retrieval mission.m ii i i i in Li i el _ i

i i i i i i i . . ,.m | i. i i i n

liB i ii • i i i ml i lil i

TASK PURPOSE: T? complete the spacecraft e_u£pment installation on the Tug

Tehtcle for NASA s_acecraft retrieval missions.. ....

| am i i i i,!I i i m I I i i ii ii ..

, ..

ii | i i II i

TASK LOCATION: _F/_C and PPF/_,,,

TASK EQUII_ENT: 191 ;fork Stands and Platforms

183 Transporter
us u • nil lile I • I

150 Pa_load Ada]_te r Handlln_ E_u_r_en_ ..........

12h Cradles .....

ii ii i i ii |

MANPOWERREQUIREHENTS: PROPULSION TECH

14ECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREHENTS:

i

ii

0

2

2

0

2

, , _)

i

i i

im i •

ii

M-HRS

M-HRS

M-HRS

H-HRS

H-HRS

H-HRS

M-HRS

J



TASK DESCRIPTION SHEET

TASK TITLE: VEeZF'f _O-_)-SPACECRAr'Z EQLrZPr_Z_ nrr_I_ACES (2.2.1.3)
i i i i

TASK OBJECTIVE: To establish flight readiness of spacecraft interfaces for a
i i i

retireval mission.
i i into i i i i

TASK PURPOSE:

operability.

i ii

To test and verify the spacecraft equipment interfaces
i i | iRe

i , ii ii i

I i ii i

TASK LOCATION:

i i

PPF and TPF/ESC and PPF/WTR
i i

TASK EQUIPMENT: 12_ Cradles

• 183 Transporter

!_ Pnv_ _v_ Test Set

_h8 _I_._I C_nd Unit

I_i Work Stands and P!_tforms

168 Spacecraft Simulator

•118 .....C/O Cable Kit,

127 Data _._t T@_ _¢_

185 t_nbilical Kit

n?

MANPOWER REQUI RELENTS:

Co_u Test Set

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREHENTS:

3o_, 3o5 a _o7 co_E_ PeOO_AMS

M-HRS
, I_l" rl

0 M-HRS

15 M-HRS

8.5 H-HRS

_O M-HRS

0 M-HRS

9 M-HRS

i i



TASK DESCRIPTION SHEET

ilL.
_ELEPARETUG FOR SPACECRAFT (2.2.2.a.)

| i

'E: To ready the Tug vehicle for spacecraft tnte_ration.

i ii H liB i i

._J_l
To prepare the work area and perform the final work in

i | i

..... for Tug/Spacecraft integration.., with no. kick stage included
r_i,.

....... * configuration,w •

/£ I l,,:i.

_UIPh liT: 191 End _Tork Stands

' _3 Transporter
i

12L Cradles

i i

TPF and PPF/KSC and PPF/_'R
i • i i -,,, i

i

i ii ii i i i

".f[ REMENTS:

'_U!REHENTS:

i

PROPULSIONTECH

MECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

2

0

2

Q

8

I,I-HRS

M-HRS

H.,.HRS

H-HRS

H-HRS

H-HRS

M-HRS

i

g_" Z_- ?/tS"



TASK DESCRIPTION SHEET

TASK TITLE: PREPARE_G FOe SPACECRAFT (2:2.2.b.)

TASK OBJECTIVE: To ready the Tu_vehicle for spacecraft tnteTratio n.

i , ,

TASK PURPOSE: To prepeLre the york area and perform the final work in

preparation fo r Tu_/Spacecraft Integration, with a kiclc sta_e included

in the flight confi_nAration. , ,

TASK LOCATION: TPF and PPF/KSC and PPF/I_R
i i. il i ,

TASK EQUIPMENT: 191 End TTork Stands 118 C/0 Cable Kit

183 Transporter 128 SiFnal Cgnd Unit

124 Cradles
i , ,

168 Spacecraft sim

127 DMTS

i i , ,,,|, ,

119 CO_ S_s Test ,Se_

HANPONER REQUIRE_NTS: PROPULSION TECH

MECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

,11

l;

8
i w

0

2

2

8

INTERFACE REQUIREMENTS:

H-NRS

H-HES

H-HPS

N-HRS

H-HRS

N-HRS

M-HRS



TASKDESCRIPTION SHEET

TASK TITLE: MA'n:TUGAZ_D SPACEC!_/T (2.2.3)
........ , i • i i

TJ_K OBJECTIVE: To perform the Tug/Spacecraft integration.
ii i | I i • I I I

li nl I n I n | innll i i in ij _ u

i i jl i i n u I • I In In II I

IL

TASK PURPOSE:

_,fJ.AAb_ ,

i |l

i i m i i i IH || • i I i i i |

•To mate the Tu= vehicle and the SDacecraft for _ delivery ,

| . I i , • im il | i ,

i i i i • i , ,. .

] I

L n

TASK LOCATION:

TASK EQUIPMENT:

, • n • ira, n n • I n

I ii | i
• i i

_F ,9_ PPF/,ESC a=_ ePF/WT_

i_0 Slings and Tag Lines
i q m , i ," • L

191 Work Stands

183 TTau. P.port er ......

12h Cradles

150 P/_ Adapter H_%l, in_ Kit

i ,i mn n ,, I

MANPOWER REQUIREMENTS: PROPULSION TECH

MECKeaICAL TECH

AVIONICS TECH

ENGIMEERING

QUALITY CONTROL

SAFETY

OTHER

, ,n

, ,i

i

0 M-HRS
| im

_, M-HRS

hiT N-HRS
lu |

o M-HRS
i

i M-HRS

i M-HRS

3 M-HRS
, m,

INTERFACE REQUIREMENTS:
i " "



TASK TITLE:

TASK OBJECTIVE:

' TASK DESCRIPTION SHEET

VERIFY TUG-TO-SPACECRAFT II_TERFACEB (2.2. h)
iH i |,

To Terify the launch readiness of the Tug/Spacecra_ interfaces.

i i |l

| i i ii

i i | i

TASK PURPOSE:

interfaces (both hsrdvare and software)

To test and estabZfsh the flight readiness of the Tug/Bpacecraft

I Ii i I i

i i i i i

i i

TASK.LOCATION:, TPF and PPF/KSC and PPF/WTR

TASK EQUIPMENT: 12T Telemet_ Ground Station

I |i i . i

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSIONTECN

I'll_G_£1,,i_i. i_Gn

AVIONICS TECH

ENGINEERING

t_IALITYCONTROL

SAFETY

OTHER

0

o

21

i

0

0

3
i i

M-HRS
i i

M=HP.S

M-HP,S

M-HRS

M-HRS

M-HRS

M-HR5

i i i

Z)-77



TASK DESCRIPTION SHEET

TASK TITLE: VERIFY _n_,;ESS (2.2.5)
i1,1 l i i i i i i

TASK OBOECTIVE: To ver:Lf_r the cleanliness of the Tug veh:Lcle and prepare the
i : , i i ,

Teh:Lcle for transportation.
IL i i i i u i i i i .

i i i i i.i , • i .i ,

• i . • i , i, i i , i

TASK PURPOSE: To check the particle counter and verif_ the cleanliness and
i i i i m i i ii i , i . i ii

then to place the cover on the vehicle to insure %he I00,000 class cleanliness
....... , il I l

IS maintained during local transportation of the vehicle.
,i , ,i , i i i i i i

,i

i , i , , ii

i ii L , ,| i li ,,i ,|

TASK LOCATION: TPF _ud PPF/KSC and PPF/WZ'R
i iii ii i Ii i

TASK EQUIPMENT: ....... .j

• i

__ I i I i ll,l

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

0

0
ii i ii,

2
|

1
ii i

,. lh,

M-HRS

H-HP,5

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASKDESCRIPTION SHEET

TASK TITLE: TRANSFER FSE to MCF (2.3.1)
t i l |"

TASK OBJECTIVE: To transfer the Flight Support Equipment to the Orbiter HCF _or

integration into the Orbiter.
t t

TASK PURPOSE:

| |

Transfer the FSE for installation and maintain the cleanliness
i , ,, t

of that equipment during the transfer.

ii ,, i

J

TASK LOCATION:

TASK EQUIPI_NT:

TPF to MCF/KBC, PPF to MCF/WTR
, , L

134 Equipment Van

192 Security Vehicle
i ,, t

HANPOWER REQUI REMENTS:

INTERFACE REQUIREHENTS:

,L •

PROPULSION TECH 0

HECHAN|C/_. TECH o
t

AVIONICS TECH 0

ENGINEERING o

QUALITY CONTROL 3

SAFETY 'o
i

OTHER z5/I 7

_..;,;,

M-HP,S

N-HR3

H-HP,,S

M-HAS

M-HP,S

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: INSTALL FSE LW CAB_{ (COHSO TM) (2.3.2.1.a)
i ,m ,

TASK OBJECTIVE: To Install the payload console in the Payload Specialist
i i

Station of the Orbiter vehicle.
i ii i i i i

TASK PURPOSE: To install the pa_rload console and verify the interfaces vith

the Orbiter system. . ,,

• , | ,, i |

TASK LOCATION:

TASK EQUXPHENT:

i

MCF/KSC and WTR
ii

,.d

MANPOWER REQUI REHENTS:

INTERFACE REQUIREMENTS:

into orbiter.

i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

Must be completed prior

9 M-HRS

5 M-HRS

M-HRS

O M-HRS

I M-HRS

0 M-HRS

3 M-HRS

to payload integration



TASK DESCRIPTION SHEET

TASK TITLE: INSTALL FSE IIl CABIN (COMSEC) (2,3.2.1.b)

TASK OBJECTIVE: To install the COMSEC required on _OD missions.

TASK PURPOSE:

missions.
ii I

i

To install the COMSEC into the Orbiter s_stem for the DOD

TASK LOCATION:

TASK EQUIPHENT:

i |

McF/Ksc,he

| i i

M_NPOHER REQUIREMENTS: PROPULSION TECH o H-HRS
i

i i

AVIONICS TECH 3,5 H-HRS
i

ENGINEERING 1 H'HRS

i

QUALITY CONTROL 1 H-HRS
i

SAFETY 0 H-HRS

OTHER 0 H-HRS
ii

INTERFACE REQUIREMENTS: _USt be completed prior to 2.3.2.1.averification.
, j

, |



TASK DESCRIPTION SHEET

TASK TITLE: INSTALL FSE IN PAYLOAD BAY (2.3.2.2)
i | i i ,, | |

TASK OBJECTIVE: To prepare the Orbiter for acceptance of the Payload and provide
i e m i

the necessary support equipment in the payload bay.
I in in i i

i

TASK PURPOSE: To install the Flight Support Equipment required by the payload

into the Orbiter PaTload 'Ba_,.

i i ,! ' ' i, i

i i |i • i i ,

n, i

TASK LOCATION:

TASK EQUIPMENT:

n i

MC?/KSC and WTR

j

MANPOWERREQUIREMENTS:

i

PROPULSION TECH 1 M-HRS

MECHANICAL TECH , • _ M-HRS

AVIONICS TECH _ H-HRS

ENGXNEERING b, M-HRS

QUALITY CONTROL _ M-HRS

SAFETY ,,_. M-HRS

OTHER lh M-HRS
ii ii i

INTERFACE REQUIREMENTS:

of the paTload into the Orbiter payload bay.

Must be completed prior to the physical installation ,j



TASK DESCRIPTXOMSHEET

TASK TITLE: v_IFY FSE I,TI_RFACES (2.3.3)
I Im i I i el, i i ii i,,

TASK OBJECTIVE: To establish the test readiness of the Payload supplied
i I ,i i | i i , i ii i

Flight Support Equipment.
iii | ii i i ii i i I | i

i|ii i i • i i , i

|

TASK PURPOSE:

of the payload,
ii , ,

|1, ,i , ,. m ,, i ,

This is a preliminary step in the launch readiness certification
iii i ii i i i , i i i ,i

TASK LOCATION:

TASK EQUIPMENT:

I i II i

MCF/KSC and WTR
L

lh8 Signal Cond Unit

185 "_'.llcal _It

ii I ii

127 DHS Test Set
I

155 Power Sys Test Set

119 Comm Sys Test Set
L III I I

118 c/o Cable Kit
,,i

MANPOWERREQUIREMENTS: PROPULSIONTECH

NECHANICALTECH

AVIONXCS TECH

ENGINEERING

QUALITY CONTROl

SAFETY.

OTHER

INTERFACE REQUIREMENTS:
• Hii i

•/
i ,m , ,

J |

i

i

i

0

0

3

_ 0

1
i

0

ii i

i

i, i i i ii i

m,,

M-HRS

H-H_

X-HRS

H-HRS

H-HRS

H-HRS

M-HRS



_A$K TITLE:

TASK OBdECTIVE:

TASK DESCRIPTION SHEET

TRIuNSFER PAYLOAD TO MCF (2.3.4)
| . ,., i i i iH, i

To transfer the payload to the Orbiter integration facility.
i i,| i,• i i ,

, I i i i,,| i i i, i i ,| i

|,, , ,,, ,,, ,, , i i

T/LSK PURPOSE: To provide the payload at the Orbiter facility designated for

,,he horizontal integration of a payload.
|l , ii i i i

°--

tASK LOCATION:

TASK EQUIPMENT: 12h Cradles

183 Transporter

182 Tractor

122 Cover-S/C

12 3 , Cover-Tu_

192 Security Vehicle

_ T

%g_iPOWERREQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGXNEERING

QU/_I.ITY CONTROL

SAFETY

OTHER

fNTERFACE REQUIREMENTS:

ii ii

PPF or TPF-to-MCF/KSC, PPF to MCF/WTR

ii i

o M-HAS
i

o M-HAS

o M-HAS

o M-HAS

0 M-HAS
i

0 M-H_

,, 3/s M-HAS

.._..,,

I:



• TASK DESCRIPTION SHEET

TASK TITLE: PAYLOAD ZZ;ST_TION _:_.e.._Tzoz_ (2.3.6)
i • | • i t t

TASK OBJECTIVE: To prepare for the physical installation of the payload tn:o
, t • tJ J , t t

i ,| t t , , , m,t ' , ,, t ,, , ,,

t ,, m j t t, P .... m, j,

To complete all preparatory work required for the payload inte-
r ,H ml ] , • , --- , m

&ration into the payload bay, m_intainir_ cleanliness of the vehicle.
i tttt t tt _t , ,|, t H, ,,

t tl, t , t t t : , ,•, , , , • |,

a |it •, n i t , m , •

the l:_,load _ay.
tl i Jt t

t

TASK PURPOSE:

I J_ .

r----

t

t tin• ± |'t tit t ' | ' J | ,| | "

tl|lt t tn t t I'' I

TASK LOCATION: _F/_C sne
t i t *

TASK EQUIPMENT: 183 Transnorter

i2_ Cradles
t m i ,

i_0, Handlin_ Equip

, , i t ,

t

|tl , tL itll i t ,.,

i aim l im t i

. , ...

MANPOWER REQUI REHENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 1
t,

MECHANICAL TECH 2
t i t i

AVIONICS TECH 1
• 1

ENGINEERING 2
ii

{_AI,I_ CONTROL 0
• ±

SAFETY o
it i

OTHER 19
i •

t• ,

, i ,, t m,, , tt

it , i,, t , Ji t t

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

|, t



TASK DESCRIPTION SHEET

TASK TITLE: PAYLOAD INSTALLATION MCF (2.3.7)
,i ,,, ,, , .m ,i

TASK OBJECTIVE: The physical installation of the payload into the Orbiter. pay-
i i i| i I • i ,i i, |, i i

load bay.
...... ,,, -, , ,, i i | i i, i | ,

,, ,i i i , ,, ,,• ,,,i , ,

TASK PURPOSE: To complete the physical installation of the payloa_ into the
i llq i li| , .m,.. in i i| roll. i i i

Orbiter vehicle.
.............. , m i mu i

TASK LOCATION: MCF/KSC and WTR
ii , ,a , |

TASK EQUIPMENT: i_o Handling Eqtt_pment
i | ii IL .J

L ,! i ,| • i

MANPOWER REQUIREMENTS: PROPULSION TECH
im

MECHANICAL TECH

AVIONICS TECH
i

ENGINEERING
i

QUALITY CONTROL
i

SAFETY

OTHER
i

INTERFACE REQUIREMENTS:

, i i

2 M-HRS

,_,8 M-HRS

2 M-HRS
i i

2 M-NRS

0 M-H_

2 M-HRS
. m

} M-HRS

.J

ve-D_ G



TASK DESCRIPTION SHEET

TASK TITLE: VERIFY PAYLOAD-TO-SHU_LE INTERFACES (2.3'9)
m i , i

TASK OBJECTIVE: Establish the readiness of the payload/Shuttle interfaces prior

¢o entering the launch operations phase.
I m i t __

i i i i i i1.1

TASK PURPOSE:

the payload and the Orbiter vehicle. This is the final payload test before
I ,, I ui L I'1 L, , i i , ,

the integrated syst_s test.
I i i i i t i • i lu ii .i i i i • ill i i •

I i i i i |. i J

i i me ,, • |

| I, |. t i ., , ,

Test and validate the interfaces (hardware and softw_e) between

im i mug , i ,,, I i ,, ,,, i |, i i

TASK LOCATION:

TASK EQUIPMENT:

I I

MCF/ C me
I i HI i i I i,i

1,61 , ,Prop Pneu Console

185 Umbilical Kit
ii,

n 7 c/o 4ccess _t-

, ,i i

148 Signal C0nd ' Un$.t

163 Pr,o_,,or Pneu Cont Console

301_ 3051 _07 CO_UT_R PROGRAMS

1,27 DM£. Test Set ,,

1_55 Power ,Sys°Test Set • ,

119 Connn S_,s Test Set

liB,,c/o,c@le,

MANPOWER REQUIREMENTS: PROPULSION TECH

_CHAJ_ IC_BJ.TECH

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

, SAFETY

OTHER

INTERFACE REQUIREMENTS:
i i

i j l, ,t | i i

i

ii ,,

27 IT,-HRS

8 M.HRS

18 M-HRS

36 M-HRS
H

18 M-HRS

0 M-HRS
ii

8 M-HRS
i i

" , ,i i



TASK DESCRIPTION SHEET

TASK TITLE: ORBITER/PAYLOAD _;TEGRATED SYSTEM TEST (2.h.l)

TASK OBJECTIVE: Establish the launch read/hess of the integrated launch vehicle
i i

and pe_71oad before releasing the payload for pad and flight operations.
|m i

i

ii , i i
i

TASK PURPOSE: To validate the integrated sTstem ,integrity, prior to the
,i

final launch operations.
l i ii , i,,

TASK LOCATION:

TASK EQUIPMENT:

m i ii i ,

Launch Pad/KSC and WTR
, , l i

148 Signal Conditionin_ Unit , 18_ Launch t_bilical Sys

176 Subsys Monitor Console ,15_ Power Svs Test Set

118 C/0 Cable Kit 129 Di=it. Events Rec.

128 Telemetry Ground Station 18 9 Voice & Timing Sys

12T D)_ Test,, Set

MANPOWER REQUXREMENTS:

i_0 Wide Bond Rec.

S01. _05. _07 CO)_JTER PROGRAMS

Launch Console
, i

PROPULSION TECH 8 M-HRS

_¢_CHANICAL TECH i _6 , ,M-HRS

AVIONICS TECH 18 M-HRS

ENGINEERING _0 M-HRS

QUALITY CONTROL 2_ M-HRS

SAFETY _ M-HRS

OTHER 8 M-HRS

INTERFACE REQUIREMENTS:

J



TASK DESCRIPTION SHEET

TASK TITLE: MONITOR STORABLE ACPS C2._.1.a)
• m i , , , , ,- i nl i i : i

TASK OBJECTIVE: To eonttnuall_ verify the Integrity of the storable ACPS,
i i I i. i izl i i i

from integration through launch.
i| • is i i ii !

• L I I , It I • • , m

TASK PURPOSE: To respond to safety reo_uirements to assure the_ integrity of
u i i i

_he storable ACPS and verify no leakage in the system.
i ii no i k H i i .

i i I .i I • ,|, ,

TASK LOCATION: ,MCF, VAB, PAD/I_C and
i ,I .........

TASK EQUIPHENT: 176 • _ubs_s ?_nlt?rin_, Con_ole ,

_7o Si_alCondltionin_ Unit

i_6 Launch Umbilical System

z:ze c/ocabzeKit

P,ANPOWER REO,UXRE_NTS:

,155, Pover Sys Test Set

127 D_ Test Set
I I i ,,

128 _,Telemetry Ground Station
ii i l i .

PROPULSION TECH ,, . _ H-HRS

.__C._HANXCAi TECH 0 M-HRS
i: ii T,

AVIONICS TECH o H-HRS

ENGINEERING _0 H-HRS
i |l i i i! i

QUALITY CONTROL o M-HRS

SAFETY 8_ H-HRS
|

OTHER o H-HRS

INTERFACE REQUIREMENTS:

__ I l iiii

i I



TASK DESCRIPTION SHEET

TASK TITLE: TUG SERVICE AT PAD (2.h.2.a)
i i i i J|m ii i i lu , 'L |:

TASK OBJECTIVE: To complete the umbilical hookup at the la_mch pad of the Tug

unique umbilicals.
, i! Hu, i : :,q , ,, .....

J

,.i i ,,. ,,, . i. ,, i •

TASK PURPOSE: To prepare for the launch pad prelaunch servicing of the Tug

vehicle and establish the umbilical system integrity in _hat area.
i | H• i : | i , ,ram

TASK LOCATION:

i ,L ,, ,,I I II I

Launch Pad/KSC and WTR
m ,

TASK EQUIPMENT: 1R_ Launch Umbilical Svs

118 c/0 Cabje Kit

I 4_ . Signal .Cond_tionin_ Unit

176 Subsets Monitor Console

12_ DHS Test Set

i_ Power Svs Test _

128 DDAS GND Station

MANPOWERREQUIREMENTS: PROPULSIONTECN

MECHANICAL TECH

AVIONICS TECN

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

I i • ,urn

_ P"n_ P_ _nnsole

117 C/0 Access Kit
i i ,,

163 Prop or Pneu Cont. Console
I , •

i, i ,

M-HRS

2 M-HRS
i

,6 M-HP,S

6 M-HRS
, !

2._.. M-HRS

l,._ _M-HRS

0 M-HRS

i

--ae  -90
.... in_ U .....



TASK DESCRIPTION SHEET

TASK TITLE: TUG SERVICE AT PAD (NO:; CRYO)(2.h,2.b)

TASK OBJECTIVE: Perform the finalprelaunch servicin_ on the Tu n vehicle for

the non-eryp_enic sTstems. i

I i i "- ,ml i

TASK PURPOSE:

syst_.

i, ,

Complete the prelaunch se_icin _ for the Tu_ vehicle _neum_tic

i i ,

i i i , i

TASK LOCATION:

TASK EQUIPMENT:

MANPOWER_I REMENTS:

I i

Launch Pad/ICSC and WTR
, ,J

158 Prop Loading Console 162
i

176 Subsys Monitor Console 129

168 Signal CondltiQn_ng Unlt 128

Prod Pneu Console

Digit Events Recorder

Telemetry Ground Station

118 C/O Cable Kit 163 Prop or Pneu Cont. Console
iii i

155 Power Sys Test Set
i i , i,

127 DMS Test Set 305, 306 COMPUTER PROGRAMS

_1"8_ Launch Umbilical Sys
i i ii , i

PROPULSIONTECH 8 ter-HRS
=

MECHANICAL TECH 13 M-HRS

AVIONICS TECH 13 M-HRS

ENGINEERING 6 M-HRS

qUALITY CONTROL 3 M-HRS

SAFETY 3 M-HRS

OTHER 0 M-HRS
i ii

INTERFACE REQUIREMENTS:

D-9 p



FASK TITLE:
,, i

,'ASK OBaECTIVE:

system.

TASK DESCRIPTION SHEET

TUG SERVICE AT PAD (CRYO) (2.h.3)
i , i

Perform the final prelaunch servicing on the Tug cryogenic
, . H, i

.i .. , .m i , ,t

, ,,,,

TASK PURPOSE: To complete the prelzunch activities for the Tug vehicle

incl_Lding: a. Cryogenic System Purges
, i

b. Cryogenic Loading and Replenish

c. Final Software Constants Loaded

._ ,l I i ,

FASK LOCATION:

i

Launch Pad/KSC and WTR

YASK EQUIPMENT:

I ...

305, 306

:OMPt_ER PROGRAM3

125 Cryo Loadin_ Complex

176 Subsys Monitor Console

148' Signal Cond_t_Q_nin_ Unit

118 C/0 Cable Kit

155 Power S[s Test Set

185 Launch Umbilical Sys

162, Pro D Pneu Console

129 Digit Events Recorder

12B Telemetry Ground Station

127 D_ Test Set ....

i ii I _ "'',I_

16_ Prop .or Pneu Cont. Console

_NPOWER REQUIREMENTS: PROPULSION TECN IO

M_CI4ANICAL TECH ,, 14

AVIONICS TECH _6

ENGINEERING 8

QUALITY CONTROL 6

SAFETY ,,2

OTHER 6

M-HRS

M-HAS

M-HRS

M-HRS

M-HRS

M,H S
M-HR5

q!RFACE REQUIREMENTS:

J



TASK TITLE:

TASK OBJECTIVE:

ii i I

TASK DESCRIPTION SHEET

TUG SERVICE AT PAD (CRYO) (2.k.3.a)

Final activation of _he Tug fuel cells m
I [ i i i

• i i l n in .

I •

TASK PURPOSE:

i J J ii i • i ii i • i i i i ii i , i i,,, j

To complete the _relaunch activation of the _ _ei ce!2_

,,m , , i iL i , i •

i : i i i : i i i

Hq I i i i |

%

L I I I , , ,i , , I I, • ,,,

TASK LOCATION:

TASK EQUIPMENT:

Launch Pad/KSC and WTR

_IkS, Signal Conditioning., Unit

176, Subs_s Monitor Console

,, , • ,,

_25 Crvo Loadin_ Complex

185,_Launch Umbilical Sys

I18 C/O, Cable Klt .....

127 D_ Tes t Set

I_ Power, ,8ysTest Set

12_ Digit _ent,,s, Recorder ,.

i i

MANPOWER REQUI P,EMENTS: PROPULSION TECH 3 M-HRS
... . •

MECHANICAL TECH ,,, ,, o , M-HRS

alET/_LITr_ "rrPl,,I. "_ M- HP.._
It'& B & Ildre_l 41, v_ eb,_l ......

i

ENGINEERING 6 M-HRS
m.

QUALITY CONTROL 0 M-HRS
m ml i

SAFETY o M-HRS

OTHER • 3 M-HRS
in

INTERFACE REQUIREMENTS: *Anolies to only those configurations with fuel

eellslneluded.

i

| , I ,

 rD-9 S



TASK DESCRIPTION SHEET

TASK TITLE: TUG SE_VlCE AT PAD (c_x0) (2.h. 3.b)

T/_K O&]ECTIVE: Final loadinglof cold helium syste_of the Tug e
, i i i | I , m i i

J

": .... i ,,, |

I , • , , ,,,

TASK PURPOSE: To complete the prelaunch activities of the Tug cold helium

pressurization system.
i i • , , , • i l, i , It , ,:, |, ,m |, |, , ,, |, , ,

TASK LOCATION: Launch Pad/KSC and WTR

TASK EQUIPMENT:

It6 s bsyS MoRi%orconsole

128 Signal Conditionin_ Unit ,

118 C/0 Cable K/t
i i l | ,H, , . ,

162 Pro9 Pneu Console
| | m ,

!2q,., Di6it, ,Dents, Recorder

12 6 Telemetry Ground Station

......lh7 LH2-He Heat Exchanger

155" Power Sys Test Set
u i i ,i ,

127 D:%$ Test Set
r

185 Launch U_bilica! Sys

.... 125 .C..ryoLoading Complex

i,,163 Prop or Pneu Cont Console

<
..

i i J | i l ii

MANI_WER REQUIREMENTS: PROPULSION TECH

MIECIiANICAL TECH

AVIONICS TECH

ENGINEERING

_ALITY CONTROL

SAFETY

OTHER

M-HRS

i. 0 i M'HRS

2 M-HRS

6 M-HRS
i

0 M-HRS

0 M-HR3
n inL m

0 M-HRS

i i i

INTERFACE REQUIEMENTS: *Aoolies only to those vehicles usin= the col,d.heliu_

o_tion.
, ,, • i, i

-j

L

D-'gV



TASK DESCRIPTION SHEET

_JNAL CHECKS AT PAD (2.4._)
"°- i i | i | . i | i

,TlVEI To monitor final launch redlined parameters.
• ,i I i i | i

T | i,

,SE:

i i , ,

To •establish the launch readiness compliance of the Tu_
ii i

I i It I II

I i., II

I. i I

176

I_6

118

155

127

_:._:

Subsys ?,_nitor Console

Te._uinal Room Equip

Launch Umbilical Sys

C/O, Cable Kit

Power S_s Test Set

D_,_ Test Set

128 Telemetry Groun_ Station

PROPULSION TECH

MECHANICAL TECH

atR.Al|9_ _P_te

AVAURA_ I_n

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

,":qEHENTS:

12_ Digit Events Recorder

18_ Voime & Tine Sys

190 ,Wi_cb_nd Rec.

0

0,

0

0

o

0

M-HP,S

H-HP,,S

M UB_

M-HRS

H°HP,5

H-HRS
i

M-HR,S



TASK DESCRIPTION SHEET

T_SK TITLE:  MOVE PA LOAD(PAD)

]_SK OBaECTIVE: To remo.ve.a.pe_yload from,the payload ba[ of the Orbiter at

_e Launch Pad
. ,,., , I

i. ,|, | i • ,ll , i ,

T_K PURPOSE: Required for pa_load changeout. Assumes the cleanlines_ '

_zotectlon viii be provlded__for the payload being removed. ....

i ii m | i i • i | i

,1 .m • i L | l i i i

! | L |i iii ii

,,, I i t . i ,.. .,l i i

T/LSK LOCATION: Launch Paa/_c and _
i i . i i ilia z

:_ASK EQUIPMENT: 191 Work Platforms
| i

123 ,Cover-Tu_ ' ..

lh0 _andling Equip

183 Transporter
i | i ? |.

12h Cradles
I

182 _ran, sporter ,Tractor

J

ii

P£NPOMER REQUI REHENTS:

i.,, 1

PROPULSION TECH
i

_CHANICAL TECH

AVIONICS TECH

ENGINEERING
m

QUALITY CONTROL

SAFETY

OTHER
• i le

"Jq'I'ERFACE REQUI REHENTS:
i

i ii N i .i

||,

i

i0
iii

i

3

3
i .

23
I i

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



TASK DESCRIPTION SHEET

TASK TITLE: PAYLOAD INSTALLATION OR e__OVAL PREPS (PAD) (2.h.6)
i i I l i :H

TASK OBJECTIVE: Prepare for the removal or installation of a payload into the
u '

Orbiter payload bay at the launch pad.
i I i

i !

TASK PURPOSE: To provide the p_sic_ access _d the enviro_ental protection

required for on-pad payload changeout.
i i • if i i

I

|

ii , , i ,

Launch Pad/KSC and WTR

i

TASK LOCATION:

TASK EQUIPMENT:

i. i i i ,

i i , i |l i i i ii i i ill|

191 Work Platforms

MANPOWERREOUIRENENTS:

INTERFACE REQUIREMENTS:

i | i r i iml i i

PROPULSIONTECH

MECHANICALTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER



TASK DESCRIPTION SHEET

TASK TITLE:
PAYLOAD INSTALLATION (PAD) (2. h. 7 )

TASK OBJECTIVE: To install a p_71oad into the payload bay of the Orbiter at
i i i i i

the launch pad.

i

TASK PURPOSE:

out operation.
ii

The vertical installation of a payload during the payload :har_e-
i i i i

i i ,

i i, ,, ,, i

TASK LOCATION:

TASK EQUI PENT:

Launch Pad/ESC and WTR

117 C/O Access Eit

lhO I{,nd]_Ip_,_.o,.,.i_me_ .

18h Tug Support Kit Vertical

191 Workstand Kit

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

2 M-HRS

l} M-HRS

2 ' M-HILS

2 M-HRS
i

--0 M-HRS

2 M-HRS

M-HRS

D



TASK TITLE:

TASK OBJECTIVE:

eheu_eout.
1.

TASK DESCRIPTION SHEET

TRANSFER. PAYLOAD TO PAD (2.4.8)
i | 1 1 i ,| . , •

To transfer a new payload to the launch pad for p_y!oad
j i l n l l ii . ,

i,.i

TASK PURPOSE:

@hangeout.
J

• L • i l i i i ._ i

. || i • i

To provide a clean payload at the launch pad during payload
. i i i i i ,t

I i i | • . ,

l

TASK LOCATION:

i i | ii i ,,,i ,i ,

Launch Pad/KSC and _rR

TASK EQUIPMENT: 124 Cra,d,les

122 Cover-S_acecraft

12_ Cover-Tu_

140 Hamelin= Eouim .....
,, , , ,,L

ISh Portable Cover-_J__ze Unit

MANPOWERREQUIREMENTS:

18_ Tractor- , .

183 Transporter
in H,

PROPULSIONTECH o M-HRS

MECHANICAL.TECH _ M-HRS

AVIONICS TECH. I I ' 0 M-HRS

ENGINEERING , , _ M-HRS

QUALITY CONTROL 0 M-HRS

SAFETY 0 M-HRS
i ii i i

OTHER 22 128 M-HRS
i i

INTERFACE REQUIREMENTS:
. i i ! ,i



TASK TITLE:

TASK DESCRIPTION SHEET

TUG GROUND SAFING AT SAFING AREA (3. i.I)
J

-/

TASK OBJECTIVE: To vent, drain, and purge the cryogenic systems of the Space
i

Tug, including high pressuregas vessels.
i

TASK PURPOSE: To place the cryogenic systems in a "safe" state and to prepare

these systems for any required maintenance action.
i i , ' ,

TASK LOCATION: Shuttle Safing Area/KSC or WTR

TASK EQUIPMENT: 191 Workstands J

161

Hydrogen Gas Disposal System 163

i

Prop Pneu Console

Prop or Pneu Cont. Console

139 Gas,Sampling Equipment

118 C/0 Cable Kit Partial

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

Q

0

8

6
8

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

NO LIQUID

RESIDUALS

INTERFACE REQUIREMENTS: The Shuttle must remain at the Safing Area until

completion of task. Task assumes successful safing completion on-orblt.

.b-/oO



TASK DESCRIPTION SHEET

TASK TITLE: TUG GROUND SAFING AT SAFING AREA (3.1.l.a)
i i ii

TASK O_ECTIVE: TO vent, drain, and purge the cryogenic systems of the Space
el i i

Tug, $ncluding high pressure gas vessels.
i

TASK PURPOSE: To place the cryogenic systems in a "safe" state for hand!Img

of the Tug, and to prepare these systems for any required maintenance action.

TASK LOCATION:

i , i |

Shuttle Saflng Area/KSC of WTR

TASK EQUIPMENT: 191 Workstands

185 umbiiicai Kit

ii

Hydrogen Gas Disposal System

139 Gas Sampling Equipment

i

118 C/0 Cable Kit (Partial)

MANPOWERREQUIREMENTS:

161 Prop Pneu Console

126 Cryo Tank Trucks
i

163 Prop or Pneu Cont. Console

PROPULSIONTECH 0 M-HRS

MECHANICALTECH 0 M-HRS
I i

AVIONICS TECH 12 M-HRS

ENGINEERING lO M-HRS

QUALITY CONTROL 1o M-HRS

SAFETY IO M-HRS

OTHER 20 M-HRS

INTERFACE REQUIREMENTS: The Shuttle must r,emaln at the Safing Area until

completion of task,

LIQUID

RESIDUALS



TASK DESCRXPTION SHEET

TASK TITLE: TRANSFZ_ TUG TO SPF (3.i. 2)
,, mt i: t

TASK OBJECTIVE: Transfer of the Space Tug to the Storable Propellant Faciii:y.
i it t , t t , ,,

v 4

__ I i I i ii ii I i i i i i L

,,i i, ,,I ,, ,,, ,i i L ,,I I ,| .....

TASK PURPOSE: To provide the Tug at the Facility location vhere the storable
ml,H , , : u l

propellant ACPS can be placed in a "safe" state.
t t t :

ii i, Ii i , ,! | i J ,,

i,i i i • i I i |

MCF to SPF/KSC and WTR
, t :, m | ,| • t ,

" TASK LOCATION:

TASK EQUIPMENT: 123 _ Cover

183 Transporter

182 Tractor .
i i

i , i

_-- L m

°
, ,I

12h Cradles
•, il t, t i

191 Workstands

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

I_OALITY CONTROL

SAFETY

OTHER

INTERFACE REOUI REMENTS: l_Ol_

,,i i t J t

i ii

0
it

1
i |u

0
i

2

0

0

9/17
i ii t | i

i

M-NRS

M-HRS

M-HRS
i | J

'M-HRS
i •

M-HRS

M-HRS

M-HRS

i • , L

, I



TASK DESCRIPTION SHEET

TASK TITLE: TUG ACPS SAFING (3.1.3.a)

TASK OBJECTIVE: To vent, drain, purge, and leak check the bipropeliant ACPS
,i i nm i i , | ii • i

Of the Space Tug.
i I I i. . i i|. i i i

, ....... . , , -- .,,, ,

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the _-zt_z

for any requtredmainten_mce action. Also, to identify a system which is leaking
n | i e :l

and will require unscheduled maintenance.
I i i . L J. I |,

TASK LOCATION:

TASK EQUIPMENT:

,,i | ,,

Storable Propellant Facility/KSC and WTR
•-- , i |

112 APS Loading Access Kit

139

161

113

i

Personnel Protection (SCAPE)
I I

Gas Sampling Equipment

Pneumatic Console
E.. m i

Two PTopeiiant Servicers
i • i

191 _Torkstand

_h8 Signal Cond Unit ""

109.portabl_ Cleanliness Tent

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH 16 M-HRS
|

HECHANICAL TECH 35 M-HRS

AVIONICS TECH , 42 H-HRS

ENGINEERING 22 . H-HRS
J i

QUALITY CONTROL ..... 21 __ M-HRS

SAFETY 8 _ M-HRS

OTHER M-HRS

task.

The Tug must remain at the SPF until completion of
m i . .

The cryogenic syst.am must be safed prior to this operation.

i i i i • ii



TASK DESCRIPTION SHEET

TASK TITLE: TUG AC_ SAFn_G (3.1.3._ Alter=ate)
i , i

TASK OBJECTIVE: To vent, drain, purge, and leak check the bipropellant ;.C._S
i i i i i ,,

of the Space _g.
i ii i i

_ I ii i I i

i i , , i

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the syst_
i i

for any required m-inten_ce action. Also, to identify system requirements
jl I ii i i i i

from leaking for _scheduled maintenance.
i i

i i i _ i II I i u ii ii

i I u i•

vJ I i i

TASK LOCATION: Safing Area/ESC =-d WTR

TASK EQUIPHENT: ll2 APS Loading Access l_t

191 _Zorkstands
J

2 Personnel Protection (SCAPE)
i

139 Gas Sampling Equipment
i

161 Pneumatic Console •
ii

113 2 Propellant Servicers
i

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

INTERFACE REQUIREMENTS:

I

109 Portable Cleanliness Tent

16B Prop or Pneu. Cont. Console
i ,

QUALITY CONTROL

SAFETY

OTHER

i i

,16 M-HAS

35 ' M-HRS

22 M-HAS

22 M-HRS

21 M-HAS

ip ' H-HAS
i

22 X-HAS
i | I

The Shuttle must remain at the safin_ area for this
i

operation.
i i i

J



TASK DESCRIPTION SHEET

TASK TITLE: TUG ACPS SAYING (3.1.3.b)
i, . , | ,. .... ,...

TASK OBJECTIVE: TO vent,,, drain, pur,ge. ,and leak. , ..check ,,,,the monopropeli_n= ACPS

of, Che Space Tug

It , ..- i , , ,

, .| ,, | . J ,

TASK PURPOSE: T?_place the ACPS in a,"safe" s_ate, and to prepare th_ system

for any required,maintenance actton_ Also, to. identify a system leak failure

which will require unscheduled m_Lntenance.
_ 1 , ± i |J

TASK LOCATIOn:

TASK EQUIPMENT:

i | ,i l, , •

Storable Propellant Facillty/KSC and WTR
i it

i12, _PS Loadln_ Access Fit ,

, i ,i , i i i |,

Two Personnel Protection (SCAPE)
I | •

139 Gas Sampling Equilnent
i ! i i

161 l_neumatlo Console

ns P,-o ,llant Se.  cer.

MANPOWER REQUIREMENTS: PROPULSION TECN

Imt_d"U&NTt'at TEr.XI-IVlBIl_Nm , • _we

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER '

, , .

i i

10

_4

15

16

10

INTERFACE REQUIREMENTS:

task'

, i

]8_ Transporter

182 Trastor

!23 Covers

109 Portable Cleanliness Tent

i_2, Secur%ty Vehicle

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS
L

The Tu_ must remain,,at the SPF until completion of

The cr_o_ent c s_stem must,,b e sated prior to this .operation:. ....

, i i , ,,,



SHUTTLE Lv,/-'ACT

TASK DESCRIPTION SHEET

:'_k_,. TUG ACPS SAFING (3.1.3.b Alternate}
• , , 1 ,, , ,-,,

-_IIVE: To v_nt, drain, purAze, and leak check the monopropeliant

-"""_'he Space T. R. ...........

i , • ,, j

"_P_k_E: To place the ACPS in a "safe" state and to "prepare,the system

.% :

-----_-q_Ire d maintenang_ a_tion. Also, to identifz a szst.em leak .failure ,

_2_i. r_quire unscheduled malnt_nanee. , ....

i | ,

._.__,-t_ION:

:_': '_wr:

i i ,

Safin_ Area/Y_SC a_d WTR

.i12 APS, Loadlng ,Access Kit

-j

2 Personnel Protection (SCAPE 1

139 GasSamplinR Equipment

161 Pneumatic Console

, Ill _ ,,r ,u,, %., U

ii

163 Prop or Pneu. Cont. Console

113 ACTS Servicer

t'_ "EQUIREIENTS: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

"" REQUIREHENTS: The Shuttles

10 M-HRS

2k M-HILS

]._ H-HRS

16 M-HRS

10 M-HRS

10 M-HRS

1_ M-HRS

must remain at the Safin_ Area for

-,-ation.

\



TASK DESCRIPTION SHEET

TASK TITLE: T_{SFEE TUG A_TD SPACECRAFT TO SPF (3.1.4)

TASK OBJECTIVE: Transfer of returnin_ paylozd to the Storable Propellant

Facilit_ ,

i , i | i

, , ,,,

TASK PURPOSE: To provide the pa_load atthe facility location wh_r_ _hc

storable propellant s_stems canRe placed in a "safe" state.

TASK LOCATION:

TASK EQUIPMENT:

122

183

182

MCF to SPFIKSC

123 Tu_ Oove r

Spacecraft Cover

i _

Transporter

Tractor

12M Cradles

| I

MANPOWER REQU! REMENTS: PROPULSION TECH 0 M-HRS

MECHANICAL TECH 1 M-HRS

AVIONICS TECH 0 M-HRS
i

ENGINEERXNG 2 M-HRS

QUALITY CONTROL o ,, H-HRS

SAFETY _ o H-HRS
m

OTHER 12122 M-HRS
ii

INTERFACE REQUIREMENTS: Manpower requirements ere a fun?tion of Spacecraft

sating requirements.



..J

TASK DESCRIPTION SHEET

1

TASK TITLE: TUG SAFIHG (3.1.5.a)
| i g| j ,

TASK OBJECTIVE: To vent,drain, purge, and leak check the hipropellant ACPS
i J m •

of the Space Tug with the spacecraft attached.
ill. i. i i i

._

m i t . i

N i . i | | i • i i

TASK PURPOSE: To place the ACPS in a "safe" state and to prepare the system
i i ', J,i i ,i

for any required maintenance action. Also, to identify a system which is leaking
j , i ii i i , ,,

and wall require unscheduled maintenance.
ii | . ii__ i i

i i

TASK LOCATION:

TASK EQUIPMENT:

v

/

139

161

113

MANPOWER REQUI REMENTS:

i i i i ill

Storable Propellant Facility/KSC and NTR
• i J ,|, i

112 AFS Loadin_ Access Kit 185
i

,, | ,
[

o..

113 APS Servicer

Two Personnel Protection (SCAPE)
i , i i il

Gas Sampling E_uipment
i,,|

Pneumatic Console
i i i i i ,i

Two Propellant Servicers
i i mm i i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

|,

Umbilical Kit

INTERFACE REQUIREMENTS:

operation. ,....

QUALITY CONTROL

SAFETY

OTHER

Cryogenic

183 Tr.ansporter

182 Tractor
i i

123 Covers
J,,

163 " ,, Prop or Pneu. COn_m

192 Security Vehicle

! i i i

16 M-HRS
i

37 M-HRS

M-HP,S42
22 M-HRS

|,

M-HRS

],z_ _ M-HRS

i_/_ 7 M-HRS

system safing must be completed before this

-j

Console



TASK DESCRIPTION SHEET

,.j

TASK TITLE: ¢uo SAYING (3.1.5.b)

TASK OBJECTIVE: To vent, drain, purge, and leak check the monoprooel!_t _CPSa| i i _ , , i

of the Space TuK with the spacecraf_ attached.

II II I I I I I I

TASK PURPOSE: TO Place the,,ACPS, ,in a "safe" state,., andL ,,t° prepare Ch_: _y_t_

for ant required maintenance action. Also_ to identify a system le_: vhlch _<_

require unscheduled maintenance.
i i • ii I im i i

I

TASK LOCATION:

TASK EQUIPI_NT:

139

161

113

l ||i i

Sl;orab, le l_op,,ell, ant Facility/_SC ,,and WTR

112 APS Loadin_ Access Kit
!

il i i

Two Personnel Protection (SCAPE)
, • - m

Gas .Samplin_ Equipment

Pneumatic Console
., | , | u

Prgpellan _ Servicer,

• ,i

183 ,_"hf_ns_.orter

182 Tractor

123/122 Covers

I

Pro_ or PneumAtic Cont.
Console

, ,ml ii_

MANPOMER REQUIREHENTS: PROPULSION TECH ,, ,19 , H-HRS

MECHANICAL TECH 21_ M-HR5
i

AVIONICS TECH 15 H-HRS

ENGINEERING 16 N-HRS
i i

QUALITY CONTROL 10 H-HR5

SAFETY lO H-HR5
''L

OTHER 1_/3_ M-HRS

INTERFACE REQUIREMENTS: Czvo safing must ,be completed prio r to this activity.



SHIYI_LZ "-"_ _

TASK OESCRIPTION SHEET

TASK TITLE: .'RECOVER TUG AT SAF_G AREA (3.2.2)
L I

TASK OBJECTIVE: To r_n_ve returning Tug from the Space Shuttle Orbiter Vehicle
i nIn m I

i I • n i II ii iN n n n m

i i I i • m I m ,II, I , , • m m m

,m

TASK PURPOSE:

operations andrelease the Orbiter for its turnaround operations.| i i ii i |1 i i i

• i i i i i

el . • a i ii | i i i i ii

i im L I i J i , ,

Remove the iSpace Tug to Initiate,,,the Tug ground tu_,na_ound, --

• m

TASK LOCATION:

TASK EQUIPMENT:

i

Safing Area/ICSC and WTR
i i i

183 Trana_orter.,- ,., 182 Tractor - Tr.nsn_ter

2 Overhead Cranes
• inn m • __

lhO b Tag Lines

123 Tug Cover

191 Work Stands

12_ .Cradles
''L

I I

I

J

i lira

MANPOWERREQUI_MEITTS:

INTERFACE REQUIREMENTS:

m

PROPULSIONTECH 0 M-HRS
am e

HECHANICAL TECH , _ n M-HRS

AVIONICS TECH N H-HRS

ENGINEERING " (; M-HRS

QuALITY CONTROL - O M-HRS

SAFETY ,_ _2 M-HRS

OTHER 29 M-HRS
i.

i

D-//O



TASK DESCRIPTION SHEET

TASK TITLE:

TASK OBJECTIVE:

Ve_4Lele.

RECOVER TUG AT MCF (3.2.3)
i i

To remove the returnin_ Tu_ from the Space Shuttle Orbiter

TASK PURPOSE: Remove,the Space Tu_ from the Orbiter to initiate the ,.r,.,.,

turnaround operations _andrelease the Orbiter for its turnaround operations.

TASK LOCATION: MCF/KSC and WTR
i

TASK EQUIPMENT:

1_0

18_ Transoorter

Two Overhead Cranes
i

Four Ta_ Lines

123 TU_ Cover

191 Work Stands

MANPOWER REQUIREMENTS:

Cradles
i i

PROPULSION TECH 0 , M-HRS

MEPMAMTPAI TCPM _^ M-H_
I'_1Wlm_6 _oqrt_ • _VII l U in .....

AVIONICS TECH n M-HRS

ENGINEERING 6 M-HRS

QUALITY CONTROL 0 M-HRS

SAFETY 2 M-HR5
t

OTHER _ M-HR5

X_TERFACE REQUIREMENTS: Task must be completed by G.E.T. of 25 hours, to

f-ee Shu%%le for its operations.

| ,



_ ,_-- ,---_- ._, -r-,,,-_ _ cr-.

TASK DESCRIPTION SHEET

TASK TITLE: RECOVER TUG AND SPACECRAFT AT SAYING AREA (3.2.4)
i ii i

TASK O_ECTIVE: To remove the returnin T payload from the Space Shuttle Orbiter

Veh:Lcle.
i

t t ,, i ,,i i

t , , l ,

TASK PURPOSE: a_ove the payload to initiate.,,., ,,%he.,payl°ad turnaround o_erations.,,

and release the Orbiter for its turnaround operations.

TASK LOCATION:

TASK EQUIPMENT:

, t a

Safln_Area/KSC and WTR

183 Tr_nspoz_er 12h Cradl_ ,,,

2 Overhead Cranes

lh0 _ Ts4_ Lines

123 Tu_ Cover

122 Spacecraft Cover

191 Workstands
ii lu

J

t i

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

0

15

0

6
I

0

2

3O
I i

Iq,..HRS

M-NRS

M'HRS

M-HRS

M-HRS

M-HRS

M-HRS

4



TASK DESCRIPTION SHEET

TASK TITLE: _cov_'_ _JO _ SrACEC_L_'_ AT MC_ (3.2.5)

TASK O&IECTIVE: To remove the returning Payload from the Sp_ce Shuttle
L

Orbiter Vehicle
, ,i

i in ,

TASK PURPOSE: R_move the Payload from the Orbiter to initiate the p_yLoad

turnaround operations and release the Orbiter for its turnaround opera_ions.

, ,, , L ' " ' '

TASK LOCATION:

TASK EQUIPMENT:

1_0

123

122

191

i

MCF/I_C and WTR

183 Transporter

Overhead Cranes 124 Cradles

Four Tag Lines
i

Tug Cover
ii

Sl_cecraft Cover

Work Stands

i, ..

MANPOWER REQUI REMENTS:

i . i i i , . ,..

PROPULSION TECH 0 M-HRS

MEC._I_'__._.!CAL TECH 15 M-HRS

AVIONICS TECH 0 M-HRS

ENGINEERING 6 M-HRS

QUALITY CONTROL 0 M-HRS

SAFETY 2 M-HRS
i i i I

OTHER 2l_ M,HRS

INTERFACE REQUIREMENTS:

to free Shuttle for its operation.

Task must be completed by working time of 25 hours



TASK DESCRIPTION SHEET

TASK TITLE: RECOVER FS,E (CABIN) EQUIPMenT (CONSOLE) (3.2.6.a)

TASK OBJECTIVE: To remove the display and control equipment from the

returning Orbiter Vehicle.

i| i ill i i i,,|1 iii I i

I 1 , , , ,

TASK PURPOSE: To initiate the turnaround operations of, the Tug Display and

Control Equipment and release the Orbiter for its turnaround operations.

|,,, i

TASK LOCATION:

TASK EQUIPMENT:

MCF/KSC and WTR

13h _Equipment. Van

191 Workstands

L

MANPOWER REQUIREMENTS:

INTERFACE REQUIREMENTS:

i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

I

0

5

2

0

3

0

10

ill

M,HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS



.,.,,

d,.:.

f

TASK DESCRIPTION SHEET

:_'-'-'YER FSE (CABI'Z;) EQUI'P_'_ (COMSEC) (3.2.6.b)

'i'__r__e_ve DOD CO,MSEC FSE from the Orbiter cabin.

, • I i

_.._ Initiate the turnaround operations of the CO:_EC (:_.oi"._.:_:

_biter for ..,,.it s turnaround operations.

_F_KSC and

-_S_. Eaui_ment Van

91 Workst-_ds

n i

B
i ,n

 kTS:

.I L ITS:

i , nun I ,i n

PROPULSION TECN 0 M-HAS

MECHANICAL TECH 1. _ M-HAS

AVIONICS TECN i. _ M-HRS

ENGINEERING 0 N-HAS

QUALITY CONTROL O. _ N-HRS

SAFETY 0 H-HRS
i

OTHER 2 H-HAS

|in n



TASK DESCRIPTIO/( SHEET

TASK TITLE: RECOVER FSE (FAYLOAD EAY) EQUIP_;T (3.2.7)
i i

TASK OBaECTIVE: To r_-ove the Tug Flight Support Equipment from the payload bay
il | i i i i i i

of the Orbiter Vehicle.
i I i i

TASK PURPOSE: To Initiate the turnaround operations of the Flight Support
i i . n

Equipment and release the Orbiter for its turnaround operations.
i u , ii i

TASK LOCATION:

TASK EQUXPHENT:

MCF/KSC and WTR
u

191 Workstands

134 EauiDment Van
i

r

_j

i , i | i

i i

HANPOMER REQUI REHENTS:

INTERFACE REQUIREMENTS:

time of 26 hours.

i ii

PROPULSION TECH 1 H-HRS

_CHN(I CAL TECH 5 N-HRS
i i

AVIONICS TECH 5 H-HRS

ENGINEERING 3 H-HRS

t_IALITY CONTROL 3 H-HI_
i

SAFETY 2 H-H_S

OTHER 19 H-HRS

O_erations must be completed prior to Shuttle workin_
• , n,

JIJ "-- ' ' i ii

,el.. OT..m .rl,lle_u_ ,,_ .-



TASK DESCRIPTION SHEET

TASK TITLE: TRANSl_R FSE TO PPF (3.2.8)
l i i i . J i, i

TASK 0BOECTIVE: Transfer of Tug DOD Flight Support EquiNent to the Payload
l i i • ii

I_ocessing Fe_illty
| ,,,m I • I e

II ill I m imm i ii ! i i i ii -

i|i i i i i, i , , -

TASK PURPOSE: To allow required:turnaround operations on the _D _-'z_h_
, i ,i i

Support Equipment
I . iii

ii i i i ||1 i

TASK LOCATION: MCF to PPF/KSC
i

TASK EQUIPMENT: 13h Equtl_ent Van

192 Securi_ Vehicle

L I ,II I

MANPOWERREOUI_: PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

i

i i

IIIL II I

, 0 M-HRS

,, 0 M-HP,S

o M-HRS

0 M-HRS

1 M-HR5

, 0 M-HRS

6110 M-HRS

Feeu/res alrlock ,o_eratlon to insure i00_000 ,, .



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER FSE TO TPF (3.2.9)
........,

TASK OBJECTIVE: To tronsfer Flight Suppoz-t Equil_ent. to the Tug Processing
ii L t i i I

Faeillt¥

i I || ii i i | ,, i

I i I | ii ii i| I I i, • i i

TASK PURPOSE: To initiate the _ro_ud,,turnaround o_rations on the Flight
, ii iml J in , , , m , _

Support Equipment. ..............

i il, ,i i i i I i i i i I il

ii ii i • i i I ii i i ii i i i ill i a ,m

i ill illi i i i | I I i i i i i

i i i i ,i

TASK LOCATION: MCF or PPF to TIye'/rsc
, , ,,,

TASK EQUIPMENT: 13._, Eq_Lpment, Van,,,,
.,j

i I iii I ii i I i I i ]

|

MANPOMER REQUI REMENTS:

INTERFACE REQUIREHENTS:

I I

PROPULSION TECH 0 M-HRS
I

MECHANICAL TECH 0 M-HAS

AVIONICS TECH 0 H-HAS

ENGINEERING ,.,0 H-HR5

QUALITY CONTROL 1 H-HRS

SAFETY o, H-HAS

OTHER zo H-HAS
i

, i | | |1

--__ LIL ........ I _

,l, , ill

B



TASK TITLE:

D_- TASK OBJECTIVE:

TASK PURPOSE: "

TASK DESCRIPTION SHEET

TRANSFER FSE TO PPF (3.2.10)

To transfav FSE to the P_load Processing Facility

i I i i

| • ,.,

To initiate Tug vehicle FSE turnaround operztio_s
, ,i i ..... •

i im , i i

TASK LOCATION:

TASK EQUI PHENT:

MCF-to-PPF/WTR

131_ Equipment Van

VANPOklER REQUI REHENTS:

INTERFACEREQUIREMENTS:

PROPULSION TECH

!__C._HAN_.!_CAL_TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

0

0

0

o

1

0

•toll., _

H-HAS

M-HAS

H-HAS

H-HAS

M-HAS

H-HAS

M-HAS
t



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER TUG AND SPACECRAFT. TO PPF (3.3.1)

TASK OBJECTIVE: Transfer the returning DOD payload to the payload processin_
I i I I i i

f_lllty at KSC
I i

| i i u i ,ii i

TASK PURPOSE: To allow the returning DOD payload to begin demoting and main-
I ii i

tenanee and refurbishment operations and to release the NASA Tug for TPF
, in i " -

operations.
I i I , i i i I

\

I

TASK LOCATION:

TASK EQUIPMENT:

182

123

122

192

I J

PPF/_SC

183 Transporter

Tractor

Tug Cover

Spacecraft Cover

Security Vehicle

, i i

HANPOMERREQUIREMENTS:

i , i i

12_ Cradles
i | i

PROPULSIONTECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

, Q

2

0

2

0

, 0

10/i_

|

I iii

M-HRS
,t

H-HP,S

M-HP_

M-HRS

M-HRS

M-HRS

M-NRS



TASK DESCRIPTION SHEET

TASK TITLE: DEMATE TUG AND SPACEC_ (3.3.2)
t | I • u,m L J, •

TASK OBJECTIVE: To separate the returning Tug and spacecraft.
• I . I I i i i i

I |! I i|

i

TASK PURPOSE:

spacecraft,

To allow recycle operations to begin on the Tug _nd the
L i i i . ii i ii i

|l : ii i i i i i i i i

i i

m ii i

• . w

i i i|

TASK LOCATION:

i i i I , ii I

TPF/KSC and PPF/1_TR
i k i i

TASK EQUIPMENT: 191 Workstands
L l '

_C-terhead Crane
i i i| ill i

Spacecraft Slings
I i i i

m i i ] i , |

ii i l| ,t ,i

3.03 Transporter

12_ Cradles
i| |I ill I J

i i i HI I

MMPO R REQUIREMENTS:

INTERFACE REQUI REIqENTS:

I . i . ii i

i i ....•r

PROPULSION TECH _ o
i i i

.-_CP.e_I! C-AL TECH 3
I | i

AVIONZCSTECH , ,3 ,,,
ENGINEERING 1

L ,

QUALITY CONTROl. 0

SAFETY 3.
i ii q

OTHER l,
i , i q • i

i i

i i i

M-HRS

M-HRS

M-FIRS

H-HRS

N-HRS

H-HKS

M-HRS

i ,



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER TUG TO TPF (3.3.3)
ii , i i i i u il

TASK OBJECTIVE: To transfer the returning, Tug to the Tug Processing, Facility .J

II I I I II i

I i ii ii i I i iii i, iii ii

I

TASK PURPOSE:

iii i , i i, i

To allow the recycle operations to begin on the Tug veh/cie.
I i iii i i

liB I I I I I II I

I I | I | II II

TASK LOCATION: _q ,,

TASK EQUIPMENT: 183 ,_ren_:_rter

182 Tractor

123 Tu_ Covar

Oy_rh_ad Crane

12_ Cradles

IIANPUklER REQUI REHENTS:

INTERFACE REQUIREMENTS:

i ii

PROPULSION TECH 0 R-HP,S

MECHANICAL TECH 3 V,,-HRS
i

AVIONICS TECH 0 R-XRS

ENGINEERING I_ H-HRS

QUALITY CONTROL 0 H-HP,S

SAFETY 0 H-HRS

OTHER i 1_ H-HRS



TASKDESCRIPTIONSHEET

TASK TITLE: R.ECO'v'_ SPACECRAYT E0.UIRCE_ (3.3._)
i| i i i • l ,

TASK OBJECTIVE: To recover DOD peculiar spacecraft equipment on a delivery
i i I ii ill i I i i i

mission.
I i ii i i ii i i| i i ill

i | •

TASK PURPOSE: To remove DOD spacecraft equipment to "declassify" the _
ii u i i ii |,

vehicle prior to recycle operations in the TPF.
I i i i i | , ,,,,, JL

I

I I I I

TASK LOCATION: I:,_F/KSC
i I i

TASK EC_JIPMENT: 18_ Trade.otter

i

Overhead Crane
e i

123 Tug Covers

12_ Cradles
I I

MANPOWERREI_IIIII_NI_:

INTERFACE REQUIREMENTS:

PROPULSION TECH g

_,_.C,"IANICAL _r'u
i

AVIONICS TECH I,

ENGINEERING ..9.

QUALITY CONTROL . 3

SAFETY . O l .

OTHER 8
i

f

3mm

M-HRS

M-H_

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

0 -17.-m



TASK DESCRIPTION SHEET

TASK TITLE: TRANSFER TUG TO PPF (3.3.5)
i i i il i

TASK OBJECTIVE: Transfer Tu_ to the DOD Pa_loa_ Processing Facility

,, , ,,i ' '

TASK PURPOSE: For DOD Payload Peculiar Equipment removal at KSC,,to

initiate turnaround o_erations of the Tug at WTR.

TASK LOCATION: MCF-t;o-PPF/KSC

TASK EQUIPMENT: 18'_ Transporter

182 Tractor

123 Tu_ Cover

124 Cradles

192 Security Vehicle

ii, | ,i , i

, ,, i , ,, i i ,,t

V,ANPOMER REQUI REHENTS: PROPULSION TECH 0 I&.HP,5

MECHANICAL TECH 2 M-HRS
__ L

AVIONICS TECH o H-HR5

ENGINEERING 2 H-HRS
| i

QUALITY CONTROL o H-HRS

SAFETY o H-HP,5
m •

OTHER lollS. H-HP,3

INTERFACE REQUIREMENTS:

i ,



TASK DESCRIPTIOH SHEET

TASK TZTLE: TRANSFER TUG AND SPACECRAFT TO T}'F (3.3.6)
t , i

TASK OBJECTIVE: Transfer. the returning paYload to the _ processing f&cility.

• i II ii i I i i ii i ,1 i i i I I ,,,ii i

i i i iii | i , , ,| , ,i ,

TASK PURPOSE: To allow the returning payload I;o begin demating and _,&l_n_uce

and refurblshment 'operations, . .....

ill _ _ ill I • i

i i , •

TASK LOCATION: ¢SC

TASK EQUXPHENT: 183 Transporter

182 Tractor
i

123 TU6 Cover

122 S_aeecraft Cover

124 Cradles
iq i: n t t ,

Overhead Crane

PIMPOWER I_EQUIRE'RENTS:

INTERFACE REQUIREHENTS:

i i

PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

i tl t •

0 H-HAS
i el | i mt Jl i • i

3 M-HRS

O M--H_

H-HRS
t

o H-HRS
t J

o M-HRS
I t i i m

lSlZ M-HP,S
| t J mlt |

i
k



TASK DESCRIPTION SHEET

TASK TITLE: DEMATE TUG AZ]D SPACECRAFT (3.3. T)
i i i

TASK OBJECTIVE: To separate the returning Tug and DOD, spacecraft

| i

TASK PURPOSE:

spacecraft.
l

m . i | .. ,,

To allow recycle operations to. begin on the Tug and the

i i

TASK LOCATION: Payload Processing Facility/KSC

TASK EQUIPMENT: 191 Workstands

OTerhead Crane

12h Cradles

ILO Handling Kit

Spacecraft Slings

183 Transporter

Atrlock

123 Tug Covers
ii

122 SPacecraft Cover

MANPOWER REQUIREMENTS: PROPULSION TECH

MECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

o

I._

i._

M-HRS

M-HRS

H-HRS

M-HRS

M-HAS

M-HRS
i

• M-HAS



TASK TITLE:

TASK OBJECTIVE:

mtsston.

TASK DESCRIPTION SHEET

RECOVER SPACECRAFT EQUIPMENT (3.3.8)

To recover spacecraft peculiar equipment following _ _e!Ive--y,
L

| m,

TASK PURPOSE: To remove special spacecraft equtl_ent from the TuN _i¢,:" :o

recycle operations in the PPF.

i

I i i ,

-__J

TASK LOCATION:

TASK EQUIPMENT:

l i i u ii i

°

m I ii m

_F/_ and Tl_'/_C
i

183 Transporter
I I

i i

191 Side Work Stands
i s i

124 Cradles

I I

i

MANPOWERREQUIREMENTS:

INTERFACE REQUIREMENTS:

i • ,i ii ,

PROPULSION TECH 0 H-HRS
i i i

MECHANICAL TECH 1. _ H-HRS

AVIONICS ..... " ''_Ic_,n 0.5/2.5 n-nn,,,,a

ENGINEERING o H-HRS
i m

QUALITY CONTROL o H-H_

SAFETY 0 M-HP,S
|H i

OTHER 3 M-HP,S
I

I I I i

i i _ i , |



TASK DESCRIPTION SHEET

TASK TITLE: T_J;SFER TUG TO PPF (3.3.9)
L , , • i , i, i ,

TASK OBJECTIVE: To transfer the returning Tu_ to the Payload Processing

F&ellity
i i ii , ii i , ,

i i , |

TASK PURPOSE:

i ,, i

To allow the rec_rcle o_erations to be_in on the Tug vehicle.

|,,

TASK LOCATION: WTR
I

TASK EQUIPHENT: 183 Transporter

182 Tractor

133 Tug Covers

Overhead Crane

Atrlock

124 Cradles
m, i

_J

MANPOMER REQUIREHENTS:

INTERFACE REQUIREMENTS:

PROPULSION TECH

NECHANICAL TECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

q " M-.HRS

M-HRS

Q H-HRS

M-HRS

0 H-HRS

0 M-HRS
i

z /zT M-HRS

.._j



TASK TITLE:

TASK OBJECTIVE:

TASK DESCRIPTION SHEET

TRANSFER TUG AND SPACECRAFT TO PPF (3.3.10)
i n

Transfer %he returnlng Payload to the Payloa_ Processir_ Facility.

i i

TASK PURPOSE: To allow the returning payload to begin dematin_ _nd maintenance

and refurbishment operations.

TASK LOCATION:

_A_ Pd_ll_fl_mmlU_l D .

].82

123

ii i

Tractor
i •

Tug Cover
i

122 Spacecraft Cover

14ANPOMERREQUIREMENTS:

Overhead Crane
i ii

Atrlock
i ii

Cradles _

PROPULSION TECH

._'_C.___N.I CJI.LTECH

AVIONICS TECH

ENGINEERING

QUALITY CONTROL

SAFETY

OTHER

INTERFACE REQUIREMENTS:

ii

0

_t

0

0

,0

,13/I'T

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

M-HRS

i i i



TASK TIMELINES

FOR

THE CRYOGENIC TUG

GROUND AND LAUNCH OPERATIONS

3.3 _rt_y 3.973

The tlmelines enclosed utilized the following skill

breakdown notation as f_nlshed by NASA:

a. Propulsion Technicians

b. Mechanical/Structural/Thermal Technicians

@. Avionics Technicians

d. Engineering

e. Quality Control

f. Safety

g. Other
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MDAC-FURNISHED SOFTWARE (EO NO. 311 |

IS A CONTROL PROGRAM FOR

• COLD F LOW

• STATIC FIRING

MDAC CABLE KIT

EQ. NO. 308

mm

: p.---.

jl

J

MOAC I
INTERFACE I

JUNCTION BOX I
EQ NO. 310 ,I

MDAC _,.,_

m m m m ,mmlmm, elmmmm

AEDC

MULTIPLEXER

AEDC FURNISHES ALL I

SUPPORT SOFTWARE I
ANO THEIR SYSTEM

I iCONTROL SOFTWARE ANALOG TO
DIGITAL

CONVERTERS

i
TAPE UNIT

I
COMPUTER

SYSTEM

CRT

DISPLAYS

PROPULSION

TEST

VEHICLE

CR 143

°

\
MDAC HOLDING FIXTURE

EQ NO. 309

H H ILINE ON-LINE

PRINTER PROCESSOR

Propulsion Test Vehicle/Ground Support Equipment Assembly
• i I .... i"



• CORFIGURATION OPTION

GSE DESCRIPTION SHEET

HAME: AIR CARRY EN%qROIW_EIFTAL KIT -- VPG Eq.UII_4E_:THO. 104

FU/_CTIONAL REC.UIR__._EI_(S):

Maintains the stage fuel and LOX tanks and the propulsion subsystems in a clean

dry condition during transportation in the Super Guppy.

EQUI_!ENT DESCRIPTION:

_DSV-hB-I_62

COST

EQUIR.:EI_T CATEGORY:

NEW

IST YEAR REQ' D

EQUIP;4EIiT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

i.I._

MODIFIED

(oEs'rosAm) OEV'ZLOe],OmT)

too.d _ is 9_

NUM3ER AVAILABLE

LOCATION Nb%_BER

REQUIRED REQUIRED

ESC 1

TOTAL REQUIRED i ° TOTAL COST $ ,, 3600
._J



GSE DESCRIPTION SHEET

D
NA_E: AIR CARRY ENVIRONMENTAL KIT ,..- _ _.UIR4FRT NO. 105

P'UNCTIONAT, _EC.UIRD_i_(_) :

Halntatns the sta_e fuel and LOX tanks and the p,_lmlsion subsystems in a clean
l :

dry condition durin_ transportation in the Super Oupp_,.
i J i i

EQUIR4ENT DESCRIPTION:

_._i!ize DSY-_B-18_2 (GFE) .....
i

i , , , , ,, i i ii

$ .... 0 (DBSIGN AND DEgFELOPMEF_)

EQUII_E_:T CATEGORY:

NEW

IST YEAR REQ'D

F_UIPME_ UTILIZATION:

FUNCTIOffAL

FLOW BLOCK

NUMBER

.

MODIFIED AS IS 100%
.... w e|

• HUMBER AVAILABLE
i i

LOCATION N(RBER

R_UIRED RD_UIRED

ESC 1.
in i ii

TOTAL REQUIRED

i

1 TOT*LCOST#

/I-'7
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• "_ ,,-.,_s_3_._sso9I "'"'°-' '""'-',_ r""
_ (_---._L.------_¢ PIN(Z) | _-------1861011-1 BEAM

VIEW A (2 PLACES) VIEW B (8 PLACES)

I

]L I-- --

III I I I II s • m m __ II i I I I I -- _

_:::::.:-rII
I III dl - II I JJ I I I II I _ II -- -----

FIGURE 1.

ROLLER TRANSFER KIT
I -- I I

_D_ ID[L'*I" IC'_: SIZE I

IAI
II II I i II I I I



COBI_IGURATIOX_ OPTION

GSE DESCRIPTION SHEET

NAME: AIR CARRY ROLLER TRANSFER KIT -- %'PG
i P_.UIR4F_;T NO. 106

FUNCTIONAL RECUIR_4E_f(S) :

l_ovides the means of adapting the. t.ranspoz_er to facilitate, the transfering

of the stage when the stage is shipped by Super Guppy.

EQUIPMENT DESCRIPTION:

Util_z_ DSV-4B-1863 (GFE)

cost $ -o- (DESIGN ANDDK"/EI_PMENT)

• n , ,
(  O/UrZT)

EQUIPMENT CATEGORY:

N_.I X MODIFIED AS IS X

IST YEAR REQ'D NUMBER AVAILABLE

EQUIPMEI_T UTILIZATION:

FUNCTIOHAL

FLOW BLOCK

Nt_4BER

/

I.I._

LOCATION ND_|BER

REQUIRED REQUIRED

i

.I

•TOTAL REQUIRED 2 -0- -J



CONFIGURATION OPTION

GSE DESCI_IFTION SHEET

NAME: AIR CARRY SUPPORT -- VPG EQ.UIR4E_T NO. 107

FUNCTIONAL REO:UIR_._I_T(S) :

Provides support for stage during all transportation modes.

EQUI _4ENT D_SCRIPTION:

Similar to DSV-4B-18_

COST $_ 20,000 (DESIGN AND DEVELOP)

$ 15 _000 (RECURRING/ImIT)

EQUIR4ENT CATEGORY:

MODIFIED 50%
i | i

is 50%

IST YEAR REQ' D

I

EQUIPMEI_ UTILIZATION:

NUMBER AVAILABLE

FUNCTIO_:AL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

!
l.l.h KSC

WTR

1

.i

T m

i

, m ,|

TOTAL REQUIRED 2 TOTAL COST._. $ 50,000



HANDLE

LOCK

SAFETY

PALLE T

LOCK

VtEWB "

IB61SSO-I

ACCE_ STAND
SUPPORT

TORQUE TUBE

PALLET

GUIDE ANGLE

$; .....T
l m, ,,, I I Ill n II I I • ' "



CONFIGURATIOI_ OPTION

OSE DESCBIPTION SHEET

N_E: AIR CARRY TIE DOWN KIT -- VI_ E_.UII_4F_:TNO. 108

FUDCTIO_IAI, REC.UIRE,'_E_,_ (S) :

Secures stage inside Super Guppy and profits it from undue acceleration and

deceleration Inertia.
i i i i

EQUIPMENT DESCRIPTION:

_-_ar to DSV-_B-1861

i i i | ii, i ii

4ih
0

I

i

$
!

Jk

COST

EQUIR4ENT CATEGORY:

_EW X

IST YEAR REQ' D

EQU IPME_/ UTILIZATION:

FUNCTIO_IAL

FLOW BLOCK

Nt_BER

if ll|

i i i

wooo (osszomAnD DEV_OP_EaT)

2_oo (m_-_nm_olmrZT)

I_0_ER AVAIIABLE

AS _________

LOCATION NL%IBER

REQUIRED REQUIRED

EBC 1
.-. i

i

• TOTAL REQUI_F._

i

1 TOTAL COST $ 6500
| i i
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SHORT PIN (3)

• AlignmentKit,'
t

.._J



CONFIGURATIO_ 0PTI0_

GSE DESCRIPTION SHE_

NAME: ALIGNMENT KIT
i

I_NCTIONAL RE_UIR_4E_T(S):

ID.UIR4FRT NO. 110
i i

Provides necessary _e for alignnent, installation, ud sts_ing to the

spacecraft.

• ,, st, , , , ,,,,, , , ,

EQUIPM,ENT DESCRIPTION:

Similar to DSV-_.B-_hO

A,_r.

I
V

" I |

.COST $ 72oo

E_U!R,_E._ CATEGORY:

$ 3300

(D_Z_Am) DZV'ELOPME_T)

(m_muusO/mu'_)

NEW y ._ _D_I_ ASIS

].ST YEAR REQ'D I_ER AVAILABLE

EQU IP_._.IrrUTILIZATION.

FUNCTIOI_AL

FLOW BLOCK

m_SER

LOCATION

R_D.UIRED

T_/KSC

_db6 J6_

1
II

1

| , |,,

TOTAL REQUIR_:D 3 TOTAL COST $ 17_100
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APS BREAKOUT COI_ROL BOX
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.. _BFIGU_TIO_ OPTION

GSE DESCRIPTION SHEET

NAME: _ BREAEOUT CONTROL BOX mUIR4FRT NO. 111
, i I , n IL |

P_CTIONAZ, R_trfm_m'(s):

Prow£des individual electrical control of' the APS thruster valves and isolatio n

valves for checkout.
in

i in • ii u i i in n,mn

.

V

nn n n I n I ii I nl n

EQUI_4ENT DESCRIPTION:

Teelve cable assemblies, suitcase us.embly vhich contains one momentary sv., five

push button indicator sw., one toggle sv., six indicator lamps, two circuit breakers,

one six-bank wafer sv., five f_xes, twelve connectors, and associated wiring.
• I i

(s_I1ar to _6V-T-IO6).
, - --- i i i i n

co,,_' . $ 5oo
• i

# "2pO

(ncs'roa am) DEVELOP)

(amcumazao/usrr)

1PrWVTIDI_F1PI'Wl_ l'_AW'flTr_J'tl_F.

NEW . X MODTFIED 50_ AS IS 50g

]ST YEAR P,EQoD , ,, IIUNBm AVAILABLE
ii i

._IP_(E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

rONBF_

LOCATION

REQUIRED REQUIRED

New Checkout
and I.I.ii

New Checkout
and i.i. ii

Factory

J

1"

1

1

n

TOTAL REQUIRED

|

3 oos¢ %__ 3.,2.5o



68_. DESCRIPTION SKEET

NJtqE: AP8 LOADING ACCESSORIES KIT
,

mUIPMFRT NO. 112

FUNCTIONAL RE_UIRF_._T(S) :

.... To adapt APS servicer to vehtole and provide miscellaneous tools and equipment

required for storable APS loading.

|11 i . i . ii .,,i i i. I i ii i

EQUIPMENT DESCRIPTION:

Collection of hoses, tools, and other equipment for use in APS loading and
-- i i i ii i ii i ii i i i iii ii _ I • i ii ii ii ,a- , - .

unloading operations.
m I • I . | •

co T $
I

E_UIPMEI:T CATEGORY:

NEW X

IST YEAR REQ' D

EQUII_E_T UTILIZATION:

FUNCTIONAL

FLOW DLOCK

NUMBER

, 2.1.7

$ 2OO0
°.

,ml i

looo (DZSZ Dr ELOPMEST)

....(  o/usrr)

MODIFIED ASIS

HUMBER AVAILABLE

LOCATION

REQUIRED

Factory

1
J

1

TOTAL REQUIRED 3

i if i

TOTAL COST $ 7.000

............. I



C01FIGU_T_OB OPTION

GSE DESCRIPTION SHEET

l_t_E: APS SERVICER EQUIPMFRT NO. 113
el | i l i

rUSCTZON^I, RV UZ  (B):

Pr_tde pur_n_, loadtnK, and unlo-ai_ O_ etorable APS propellant mtms.

| i • J

i L i i ii i

i • i iii i

]K_JTPMENT DESCRIPTION:

Modification to existing Saturn APS serTtcer,
| HI , ' '

I • W I

CO_T $ 500.

$. 2000

k

IST TEAR REQ'D
)

EQUIPI_E)_ UTILIZATION.-

FUNCTIONAL

FLOW BLOCK

_tRBER

2.1.7

(_SSIC_ AND DEYELOPME_T)

( c'mmzso/  )

MODIFIED .. X

RUMB_ AVAILABLE

ASIS

LOCATION

REQUIRED

NUMBER

REQUIRED

Stor&ble/WTR

1
|

1

i I

TOTAL REQUIRED
I

2

i I i i i i

TOTAL COST $ , 5.000,



II I I I I I .11 - -lsYM_,<_

CODE IDENT NO. SIZE

18355 A
BATTERY HANDLING KIT

SHEET



CONFIGGRATIOR OPTION

GSE DE$CI_IPTION SHEET

H/LqE:BATTERY HANDLING KIT mUIR4F_T II0. 115

FUI_CTIO._IAI,RECUIRE_Eh"r (S):

Pr_tdes installation of batteries in stage when in horizontal or vertical

position.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-h00
m " _'1 .... m nl I ........ [ I .....

I

m
v

co_r $

.$

EQUIPi4EI;T CATEGORY:

NEW
i i

].ST YEAR REQ' D

EQUIPI,_I;T UTILIZATION:

FUNCTIO_AL
FLOW BLOCK

I_BER

m ,nn i

10,00_0

.',2.000

_ n iiiii i inn i °m

(_¢szas _r_ OxV_,(m,O=T)

(im:mm,molmUT)

MODIFTED 5_ _

NUI_]_R AVAILABLE

LOCATION

REQUIRED

TPF/K_C
nl i

±
nl

-I

• TOTAL REQUIRED 2

n

e=

TOTAL COST $

• C %P



uusrAuuna_.'A_,, OPTiO,_;

GSE DESCRIPTION SHEET

NAqE: CHECKOUT ACCESSORIES KIT
i , .|i ..i _UImDtT NO. 117

FUNCTIONAL RECUIRE_EF_(S) :

Assembles miscellaneous equipment required for test and checkout.
llll i ii " "' - i i

j

i| i ', i i| i i i ,in | i I i

EQUIPMENT DESCRIPTION:

Collection of hoses, g_e-re_alator assemblies, fittings, leak test equipment,
• i i , J ii ,m i i ii , i

test plates, flow meters, and other ,Liscellaneous checkout equipment.
,l,, ii ii .I ,i i ,

CO._T

EQUIPME_,'T CATEGORY:

NEW _D_I_

]ST TEAR REQ'D
i| /

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

I.I .7.1
1 i

i i

, i

(DESIGN AND DEVELOPMENT)

( O/USIT)

X

ImMBER AVAILABLE

.AS IS

LOCATION

REQUIRED

I

.J

_TALR_R_ TOTAL COST $



CONFIGt_ATION OPTION 01,

GSE DESCRIPTION SHEET

NAME: CHECKOUT CABLE KIT
E_.UIR4FRT NO. 118

FUNCTIONAL REOUIREMENT(S ):

Provides interconnects between test sets, vehicle, power, etc.

EQUIPMENT DESCRIPTION:

Consists of all cable, (power, RF, signal) required to support Tug
i i |

Unique checkout in all areas. Cable network - 70 Cable assemblies (80 ft) long -
J, , i , im • ,| i, i

(35 60 pin cables; (18) _ pin cables; (5) 39 pin cables; 7 coax cables; (5) 2h pin

cables; breakout cables and general breakout box. Similar to DSV-hB-726A

coot $,. 13Joo (DESIGN AND DEVELOPMENT)

$ 5,100 (eaclmezxo/GN )

EQUiP_ENT CATEGORY:

NEW x MODIFIED 30% AS IS
|,

1ST YEAR REQ'D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

NUMBER AVAIIABLE

LOCATION

RI_UIRED

/, m' ",'A*;a'r:r... _R

5

5

i.I.9 ALL

1.141_,

.

Factory

TOTAL RE(_UIRED 11
,,, --

.. t

TOTAL COST $____ 69,6oo
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COHFIGtRATION OPTIO_I

GSE DEGCRIPTXON SH_,_._

NJtqE: . CO_NNICATION SYSTD( TEST SET mUIR4F_:T NO. ii_
,q | i i| il i i| |I | i

FUt_CTIONAL REC.UIR_4ENT (S):

Receives , demodulates PCM data from sDacecrafto provides for output to eom_uter

_orage, contains display for visual data monitori_ of in_mLn_ $_q18 and

rou_ing of dat a to external., areas lo.r further Droegss!n _. .,Can _.Q eon_KL..___

locally or through COml_ter,. , ,

_UIR4EHT DESCRIPTION:

See attachment.
u i , ,L ,,

COST PER UNIT: $. •63_,000

$._ 533,000
_ i

NEW X

1ST YF.,_ RF_' D

E_UIP),I_I_ UTTLIZATION:

FUNCTIONAL

FLOW BLOCK

_ER

1.1.e. 

1.1.9.9

MODIFIED

i

(NO}f-RECURRI]4G)

_3 AVAILABLE

ASIS

LOCATION

REQUIRED

Nt_BER

REQUIRED

1
m_

°

iJ , m

1

| i , ,,

TOTAL REQUI_F;D .

t

TOTAL COST $, 2.'766__o00



EQUIPMEI_TDESCRL_TION

_MENCLATURE

X-Y Recorder

Sweep Oscillator

Signal Generator

VSWR Meter

RF Power Meter

RF Misc. Equipment

Frequency Counter

Frequency Converter

S-Band Test Transmitter

S-Band Test Receiver

S-Band FM Receiver

Payload PCM Demodulator

SGLS/NASA PCM Demodulator

PCM Decommutator

PRN Ranging _semhly (SGLS/N_)

Error Rate Measuring Unit

Comnand Signal Conditioner (SGLS/NASA)

Re&_lated Power Supply

Logic Power Supply

PCM Simulator

Oscilloscope

Calibration Test Panel

Manual Control Panel

RF Switch Panel

Source Selector Panel

RF Attenuator Panel

Quick Loop Panel

Voice Communication Panel

RMS Voltmeter

Circuit Breaker Panel

Patch Panel

Analog Strip Chart

Bilevel Strip Chart

FM Oscillograph

Di6ital to Analog Converters

GLivancmeter Drive Amplifiers

Q_

1

i

1

1

i

TBD

1

I

2

2

I

I

1

2

2

1

2

2

2

1

1

1

I

1

1

I

S

3

I

S

1

3

3

2

80

6

X •

X e

X •

X e

X e

X •

X X

REMARKS

mEqu£pment to be

made available

at launch complex

in the event of

transmission

failures.

Simllar to DSV-

bB-123 and DSV-

_B-125

Similar to DSV-

_B-2_0, DSV-hB-

238, DSV-hB-239



0BE D__--_._RIPTIOI;SHEET

I(AME: COMPOBEI_T PROTECTIVE COVERS
ii i nl

mUIPMFRT NO. 120

P_CTZON^L _E_tUeF_..T(S):

Prowide ..prelaunch protection for vulnerable components.

and returned to factory for re-use.

Removed prior to launch
i i ii

• i _ I , i i i i

-- -- I L I i i i ii i i i i ii i i i ii

EQUIPMENT DESCRIPTION:

Proteot£ve covers for bellows, titanium bottles, and other components subject

to ground handling damage, including G&C lens covers.
i,i ll| i i i L .... I i

i mira i I i i al i

V

co_T

r im I I ii I

$ 2000 (DZSZ_ ,.zr_ Z_'VSZ,OPPmT)

$. .'r,oo (_cumU_olu1_)

EO.UIPM_,"I'CATFF.,OR¥:

_Ew

IST TEAR REQ' D

EQ.UIPr4EI_I" UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

1.1._
,, ,,

1.1.20
i I

I_DIFIED " .aS .'fS
i , ,- , ,

m_ AV._T_In, E

LOCATION NUMBER

REQUIRED RII;_UIRED

KSC 3
• i i i ii i i ii | i

i i u

llil

TOTAL REQUIRED 5

1 11

TOTAL COST $ 5,500
i



CORFIGURATIO_, OPTION

GSE DESCRIPTION SHEET

._. COMSECEqUIP_T __ mUIR4FRT NO. 121
I!

FUNCTIONAL RECUIRF_,_T(S ):

To dectTpt telemett7 from DoD,,,spac,epraft and Tu_,veh£cle to the,telemetry

ground station. Also utilized to encrypt telemetry from the telemetry ground
, i i i

station to the on-orbit element.
IBm I I I I I

__ J --

I I

EQUIPMENT DESCRIPTION:

GFE rack of EN/DECRYPTENCRYPT EQUIP

,11 j, i l | l l

co_ $,..

$ o (sz_G/us_)

EQUIPMENT CATEGORY:

NEW MODIFIED
, m

As _s x (CFE)

IST YEAR RE_'D NUMB_ AVAILABLE

EQUIPME_r UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION NtRBER

nmu_RED RmU13EO

KSC
i Hi i ii i|

WTR

2
i H i | •

i ii i

i

TOTAL REQUIRED

• i

TOTAL COST $ . 0.oo ,,



FORM X60-999-3 (I0.4_
I

/ IIIII 1%.
/ _i 'i i-

\ ,//
i .=._i .........

CODE IDEtTi"

18355

SHEET



..... . .. OONFIGURATIOR OPTION All

OSE DESCRIPTION SHEET

NAME: COVER - SPACE CRAFT
,m , , m, mUIR4F_T HO. 122

FUNCTIONAl, REC.UIRF_NT (S): ........

To provide environmental and physical protection to a SC while it Is Joined
, i

to the Tug on the transporter.

EQUIPMENT DESCRIPTION:

A rubber impregnated fabric cover for the SC designed to tnte6Tate w_th the Tug
N , , m i ,

cover as a replacement for Its forward section.
, , |, | , ,

CI_B.,T

, , , , , ,, i, , ,

$ 3000 (DESIGN AND DEVELOPMEI_}

$.,, _oo, (_c'_m_mo/GNzT)

E_JIPML_ _TE_RY:

NEW X

ISTYEARRD_'D
i

EQUIPMEh_UTILIZATION:

FUNCTIONAL

FLOW BLOCK

IIIRBER

1.1.h
| , ,,n

1.1.2.1
i,

.1.1.2.6

2.3.6

2._.8

MODIFIED AS IS

FdMB_ AVAIIABLE 0

LOCATION NIRBER

RI_UIRED REQUIRED

.,KSC .., I0

3

._/

TOTAL REQUIRED TOTAL COST $ . 9;_oo



GSE DESCRIPTION SHEET

• CO]D'IGUSATZOR OPTION All
i|

• tqE: Cover - Tug .... _UIR4FRT NO. 123

FUBCTIONAL REQUIRFJ_NT(S ):

TO provide enviromnental and physical protectton to the Tu_ dur2nK transport

protection to the Tu_ durinK trans_port 8z_l.. stors_e in the horizontal position.

i • | i i_ !

EQUIPMENT DESCRIPTION:

A rubber imPregnated nylon fabric, cover fabricated 1;o V shape :in three

, segments vhich are assembled_o_._the T_ by laced and zippered closures...

t i ml I

tl i t it t el I I is

corn' $
I

1F_IWT_ OAq'_f_J_'lDy •

3500 (Dzsz_ Juram_.,om,m_)
i i

800 (_mmazao/uarz)

HODI'F_

#

]l_ X ASI'5
I i|1 || i I i |

IST TEAR REq'D IrulqB_ AVAILABLE

EQUIPMENT UTILIZATION:

FLrBCTIONAL

FLOW BLOCK

FdNBER

_:.I.2.1
i HI I

1.z.22

/
]..1.24

0

LOCATION IrOMBER

R_UIRED RmUIRED

KSC

WTR

I0

3

• i i

|

TOTAL REQUIRED TOTAL COST $

|

,, 13.900



CRAD_Ey

o, _ I1' __ W IlUl

| • %. • O l

_-_--- ";".:_- _'d u--__N
I:',_!;iit!lillil -- iliii!!1t:111i!! Iilll!!i,'_,_'i,t !,i_t1111
'_"_' ' IilJli!l I_i!1111 P'"'""_"_-:_' "-:";' I:'_Iltll!:.!.;!I!H_!!!I
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,.j



CONFIGURATIOB OPTION All

GSE DESCRIPTIO_ SHEET

NJt_E: CRADLES , ,, mUIR4FRT NO. 12 4

P_mCTIONAL nEC.UTRD_..NT(._):

To provide a means to support and restrain the'Tug on its transporter.

i i i | i

| f i i i ii i I i

EQUIPMENT DESCRIPTION:

An Intermediate steel structure to fit between and attach to the Tug and
_l | J , i ill i i J i

transport er,
|l ii i

• i

c_'r $

_UI_E_ CATFC,OR7

NEW X

IST YEAR REq' D
il

EQUIPMEI_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

I,I.20
J

loo,oo0 .

65,000

i i i

(DESIGN A_D _)

(__o/usiT)

MODIFIED AS IS
: Jl i

....,. _]_ AVAILA, BLE.._._..._, ,

LOCATION

RmUIRED
Nt_BER

REQUIRED

KBC

i

Factor_,.,

9

/ 1

TOTAL REQUIRED

i

ill

i

9_5,000



e

IK_ST

II[LI[F

CRYOGENIC PROPELLA_ LOADING COMPLEX

FILL VALVF.

UCHAkCl[ll
SUPPLYVALVE

o
J



CONFIG[_RATIOR OPTION

GSE DESCRIPTION SHE_

NJtME: CRYO. PROPELLANT LOADING COMPLEX

FUNCTIONAL REQUI R_34ENT(S) :

Provide for transfer and control of LO_ and LH_

umbilical.

125
EQUI I_4ENT NO.

from facility to vehicle

EQUIPMENT DESCRIPTION:

LH2 and L02 loading complex utilizing hardware from Sacramento Test Center
• u . . . . .

and KSC where possible. (Control valves, umbilicals, etc.) (Utilize Shuttle

topping system.)
, ,|

Same as DSV-hB-331 and -332.
L , |i

COST $ _hO,O00 (DESI GN AND DEVELOPMENT)

$ 29,000

EQUIPMENT CATEGORY:

NEW MODIFIED X AS IS X GFE facilities at ETR

IST YEAR REQ'D NUMBER AVAIIABLE

EQUIPMENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED

NUMBER

R_UIRED

2._.3 • ' KSC

WTR

2

, i

TOTAL REQUIRED TOTAL COST $ i00,000



@SE DESCRIPTION SHEET

OOI_IGtQ_ATIO_ OPTIOn!

• t_E: CI_YO. TANK TRUCKS mtUR4F_T no. ].,26 ,

_mCTZ0_t, _,._hT(S): ........

,,.Renoval of residual cryogenic propellants d_r$_ _ost launch safing.

EQUIPMENT DESCRIPTION:

Cryogenic tanker trucks.
. i it

GFE at facility.

$

EQUIPME_:T CATEGORY:

NEW
t |

IST YEAR REQ' D

EQUII_4E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

3;1.1
t i ,i

(DESIaM AND DEVELOPM_IT)

(a_m_ao/u_)

MODIFIED
i ,,

_ lmMBm:_ AVAILABLE

ASm X
m

• " KSC

WTR
ii i

1

-1
i i

.j

TOTAL REQUIRED 2
m

TOTALCOST $

i

• "0'-
| i

....2



m



CONFIGURA_ _ON OPTIOf!

GSE DESCI_IPTION SHE_.'T

RAME: DATA MANAGEMENT SYSTEM T/S (DMST/S)
• w

_UZR4n:T .o. 127
i

FUNCTIONAL RECUIR_h"r(S ):

Controls operation of DMS computer and monitors computer status, initials program

loading and verification, performs functional verification of DMS corn-hand and
T ..

control functions, interface with other T/S for dedicated displays, verify

selected subsystem paormeters as program.
ilia i i L i i

EQUIF_ENT DESCRIPTIOn1:

Portable console interfacin G with com_ter for program verification and DMS memory

dump C/O, paper tape memory loader, tape reader , D_ computer control and status

panel, dedicated display panel for DMS function and progr----able display for other

• subsystem functions (GNC, Co--,, Power, and Prop. ) - CRT

COST PER UNIT: $ 1,033,000 (NON-RECURRIi_O)

$ _12,ooo (RECURRING/YE_/_)

EQUII_4EI:T CATEGORY:

NEW X MODIFIED AS IS

IST YEAR REQ'D ND%[BER AVAILABLE

EQUIPMEhT UTILIZATIOI_:

FUNCTIONAL

FLOW BLOCK

N_4BER

1.1.5, 1.1.7 ALL

LOCATIO._;

RDO.UIRED

"! _TJ'_'IImc

.=

1.1.8 ALL, 1.1.9 ALL HCFIrSc

1

1.

2,3.9, 2.1_.3

TOTAL REQUIRED 7

Launch Pad/ESC

PPF/WTR

MCF/WTa
i|

Factor7 _

2
mH

1
i iii . i

1

TOTAL COST $

J
.o

3 ;917,000



GSEDESCPIPTIONSHE_

CONFIGURATION OPTION

H_E: _Y GROUND STATION . " , D_.UIR.I_T NO. 128

FUNCTIONAL REC,.UIR_._r,_(S):

Receives and demodulates .PC)( data from Tug down link either open or closed loop.
I L i i , i i

Provides for output to computer storage or oonTerston of data to external display
• i| ,| , , , _ i

tmtts.
wl , , ,-, _ .... , , w

EQUIP_.ENT D'ESCRIPTION:

See attachment.
i i

, ,, m ,

• i , ,,t ,

_ ..- _ . _".

COST PER UI_IT:

_UIPI4F/,_ CATEGORY :

NEW
i

IST YEAR REQ' D

EQUIP;IEI_ UTILIZATION:

FLOW BLOCK

2.3.9

-0-

Im_m

MODIFIED

NUMBER AVAILABLE

ASIS

LOCATION

REQUIRED

ESC (remote from

• is_mch _ad)
(remote from

launch _ad)

X

NL_4BE_

REQUIRED

TOTAL REqUIRE_ 2

i,L,

, , , _ ,| ,

TOTAL COST $ -0-



The Western Test Ra_e has a 30 foot Unified S-Band (USB) remote tracking site

vhich is part of the spaceflight Tracking and Data Net_rk (STIr). The "unified"

concept of the USB system provides multiple functions -- command, telemetry,

tracking and two-va_ voice co_nnunications -- to be accomplished simultaneous_7

between 2090 and 2120 _z and a dove,link frequency betveen 2200 and 2300 HHz.

The Eastern Test Range has a dual AFSCF remote tracking station (RTS) located at

Vandenberg California capable of operating vith tvo satellites simultaneously.

The I_S co_tains S-band eq_xae_-designated as a Space Ground Link Subsystem

(SGLS) insta_ation. The SGLS equil_ent is standardized and interfaces _rlth

tvo antennas, one is a 60 foot antenna vhile the other is a _6 foot dish.

The 5GLS contains receiving, and transmitting equilzent necessa_ for data

reception and cc_nanding of space vehicles.

j



P

VENTS



CO_IGURATIOR OPTION

GSE DESCRIPTION SHE_

NAME: DIGITAL EVE_S RECORDER D_.UIH4_T HO. 129
,, , ,, , ii i T i " -- • ii,

FUNCTIO_AI, REC.UIR_4ENT(S ):

Collects discrete status (on/off) data and corn-pares data against previously

recorde d information. Prints or tape punches output results for permanent record.

1

- I

I

EQUIPMENT DESCRTPTION:

s_Lt_.r to D6V-_B-289

i,, , i, , i , ,,, i -.

COST PER UNIT: $ 200,000

EQUIH_E_;T CATEGORY:

$ 182,000

NEW MODIFIED As _s
_idm.milmm--._,m.

IST YEAR REQ'D Nt_BI'._AVAIIABLR

EQUIH._ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

RT_4BER

LOCATIO_

RE0.UIRED

2._.3 Ksc (_)

wm (m_)

Factory

1 GFE
i

i
i

1 GFE

TOTAL REQUIRI_)
2 TOTAL COST $ 382,000



.EnllineActuatorAdjustmentKit



COBFIGURA_'.,,OH OPTION

OSE DESCF,IPTION SHEET

HA.ME" ENGINE ACTUATOR FIX_/RE.,

FUIICTIONAL REC.UIR_I_(S ):

_kout electrical/mechan2cal actuators on T_: ,

_UIR4_'_T NO. 130
• ii

i |

EQUIPMENT D.ESCRIPTION:

$ 10,000
J if

$ _,ooo

EQUII_4EI:T CATEGORY:

NEW

IST YEAR REQ'D

EQUI PMEI_ UTILIZATION-:

I_NCTION_L

FLOW BLOCK

NUMBER

/1.1.9.2 --

MODIFIED

Iru%_BER AVAILABLE

AS IS

LOCATION

R_UIRED
NIJMB_R

REQUIRED

_/vrR

"Factory

1

i"

i

i i

TOTAL REQUIRED 3 TOTAL COST $ 22,000



/
/

I
/

B

r

Engine Alignment Kit



COHFIGURATIOR OPTION

GSE DESCRIPTION SHEET

NJtME: ENGINE ALIGNMENT KIT E_.UIR4FRT NO. 131

FUNCTIO_ML RE_DIR_EE"r (S) :

Establishes centerline of engine with respect to st_e centerline.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-32h

., ,.

COST (DZSI_ AmD DF_eLOPMEST)

__ (._c, nm:mn/_ze)

EQUIPMENT CATEGORY:

e_ x MODIFI_ 15% Is 85%

IST YEAR REQ'D NUMBEI_ AVAILABLE

EQUIPMEZ_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

I,WJMBER

L_ATION NUMBER

REQUIRED

1.i.9.2 1

| • ,, | ,

J

TOTAL REQUIRED 2
TOTAL COST $ 55.000

J
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C01t@'IGURATLOH OPTION

GSE DESCRIPTION SHEET

N_ME: ENGINE HANDLING KIT L_UIR4FRT NO. 132
, i imm i

FUNCTIONAL RE_.UIR_b'T(S ):

l_vv4_m h._A_a_ w.nl,4_ _n_ h_mr1141..' Dlm..41.e _l_'lmm %,"wmnvA1 f_ Alnr'l Instil.

la_4nn mnta aisle .....

EQUIPMENT DESCRIPTION:

Handlln_ Dlu_. _r_me, and shlpplnfi eonts/ner. (GIVE furnlshed with engine. )

c_T $., -o-

$ .-o-

EQUII_4ENT CATEGORY:

NEW
• i |

IST YEAR REQ' D

EQUIPI.IEZ_ UTILIZATION:

I_NCTIONAL

FLOW BLOCK

NUMBER

(mmzmm AaD DD'E_rME.T)

(rsc_mmo/._ZT )

NUMBER AVAILABLE
H --

AS IS .... X QFE wZth engine

LOCATION

R]_UIRED

Fac_r_

N_ER

RmUIRED

1

.1
H isl i

1
i i

TOTAL REQUIRED . TOTAL COST $ .-O-
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Calibration Fixture, Engine Position
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CONFIGURATIOR OPTION

GSE DE3CEiPTION SHEET

NJtqE: ENGINE POSITION CALIBRATION FI_u_E EO.UIR4E)_T NO. 133

FUnCT IO'_A5 ._E0.UIR_ (S):

Measures engine ge_etric vector vith respect to theorectical stage centerline

for various positions of the engine.
i

EQUIR_.ENT DESCRIPTION:

Similar to DSV-hB-629 and DSV-_B-699
i

i,

COST $

$

EQUIR4ENT CATEV_ORY:

NEW X

IST YEAR REQ'D

EQUIP;._ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

(DIWIGN AND DEVELOPMENT)

(szctme, o/tm )

MODIFIED

NUF_ER AVAILABLE

ASIS

LOCATION

_UIRED

Factor 7

1

.i

1
|,

i,

TOTAL REQUIRED TOTAL COST $ 8,000



C0_FIGURATI01_ OPTION

@SE DESCRIPTION SHEET

_tqE: EQUIPMENT VAN
sit ii s

FUNCTIONAL RE_UIRF_,HT(S ):

To provide for miscellaneous trans_rt

mUIR4F_IT NO. 1

iii ii | i , i

EQUIPMENT DESCRIPTION:

1-1/2 ton two axle van (Bob Tail) truck.
i

mm , i i ii t

, I

_FE a_milabl@ @t facility.

$

EQUIPM,E_ CATEGORY:

NEW
• l i

IST YEAR REQ'D

EQUIPME_ UTILIZATION:

FUNCTIOWAL

FLOW BLOCK

HUMBER

/i.1 •22.

/ i,i.s5

MODIFIED
|i

iii

(IZSIGN AND DEVELOPMENT)

i ,| ,|

N_B_ AVAILABLE

AS IS X GFE
m Hi

_ER

R_UIRED

.
,, i

i i

,..2

ii , ii , L

TOTAL REQUIRED TOTAL COST $ -0-



COIFIOUR_IOW OPTION

GSE DESCRIPTION SHEET

_qE: GAS SAMPLING EQUIPMERT
i i ii li,

_. _uIr_4r_ .o. 139
I i

FUNCTIONAL RECUIREME.HT(S ) :

Verif_ acceptable moisture content of propellant systems prior to loading.
i i

Verify safe levels of hazardous gas concentrations.
! i i

| i i i i i i, m • I i " i| "1 ii iiii

,i | ,. I I

EQUIPMENT DESCRIPTION:

Moisture monitor, hazardous gas detectors and analyzers.
.. i i m i i

- , I . .

com, $ o

%.

_IP_F_ CATEGORY: "

MEW

TEAR REq'D
| i

EQUIR4ENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NIRBER

3.1.1
I i I III

iiii

\
ml|

TOTAL REQUIRED

, t i i "li i • i "l

(DXSXOSXW.D_rEz,ormm'r)

(ascu_o/us_)

MODIFIED ASIS X
i

!_Q_ _. AVA.TT___N.,E
III ii i

LOCATION

REQUIRED

Storable Prop/KSC

Portable/][3C ."
|

Saflng Area/WTR
i

Sto.bZe

Portable/WTR
i

6 TOTALCOST $

NUMBER

REQUIRED

1".

-1

1'

1 /

1

1
. i

900
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CONFIGURATIOIq OPTIOH All
ii i

GSE DESCRIPTION SHEET

l_t_E: HANDL,ING E__ ..... I_.UIPMFRT NO. 1AO

FUNCTIONAL REC,:UIRFJ_.Fr(S):

Provide means to hoist and/or rotate Tug from either a horizontal or vertical

attitude with either one or t_ cranes as required.
- mill II I I I L_ I I

I I I II m I [ I I III

E_IPMENT DESCRIPTION:

Two wire sling and spreader bar assemblies with appropriate shackle fittings.
• i i i i i

One assembly to be adjustable in leith.
ii ,i , i i i ii i i l

CO_T

i ,,, , ,,, -m , •

$ .. 2p,ooo,

#_ i. 5..Qoo_

(DESIGN AND DEVELOPMENT)

umu'so/osI )

EQUII_,'T_T CATEGORT:

NEW X MODIFIED
l

IST TEAR REQ'D
i

EQUIH_ UTILIZATION:

FUNCTIONAL
LOCATION

FLOW BLOCK
NUMBER RE{_UIRED

2.1.3 Pad/KSC

"7'2.2.1 _ "_=/_
ii J

2.2.3 TPF/KSC

2.3.6 P_dl',_'ra

:_._.5, 2.l+.8 HCF/_VI'R

ii

TOTAL REQUIRED 8

Rb_B_ AVAILABLE
i iii

ASIS

0
i

TOTAL COST $

2
il ii

!
i i •

1
I J

/

2

1

1
l

65,000
i
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CONFIOURATIOH OPTION

GSE DESCI_IPTION SHF.'._

l_tqE: GUIDANCE _qD NAVIGATION TEST SET
i i

EQ.UIR4FRT NO, i_2
J|

FUIICTIO_AL ._ECUIR_4Eh_f(S):

Monitors and verifies checkout of I_J and GC. It provides ealibrat$on,
u , ii i i i iii

alt_ament and simulation of navigation programs. Capable of simulations of
, i i l .

i •

akl 1 flight progrmm-. . .
i - | '

m i| ILIm I imlm I I

EQUIPMENT DESCRIPTIO_:

Rate table and assoelated electronic bays which include display panel, control
i, l m I ,i '

panel, oscilloscope, universal counter, digital voltmeter, interface (DIU) ass y,
ii, | i i

power supplies, digital printer paper tape punch, test point control panel, down-
i

llnk display panel, etc. (Available from Delta PTogrom. ) •

COST PER UNIT: $ -0- (NON-RECURRIHG)

$ -0- (RECLm._ZNO/_e:,',_)

E(_UII_4EI;TCATEGORY:

NEW MODIFIED AsIs X

!ST YEAR REQ'D NUMBER AVAILABLE

EQUIP;._EZ_ UTILIZATI0_:

FUNCTIO_AL

FLOW BLOCK

I_JMBER

1.1.13
li | l

LOCATION

R_UIRED

if_C! -

WTI!
i

F&ctor_

NT_4BER

R_UIRED

1/
i, |

",/
.Lr

I

.

TOTAL REQUIRED 3

i m

TOTAL COST $_,



CONFIGURAT_OR OPTION

GSE DESCRIPTION SHE_IT

NAME: GUIDANCE AND NAVIGATIONSYSTEM CHECKOD_ KIT E_.UIE.IFRTNO. lh3
_/

Ft_CTIONAL RE0.UIRE4EI,'r(S):

Imterfaces between Tug IMU and GC and the laboratory test equipment. Also
i

provides mounting of IMU to rate table.
]

EQUIPMENT DESCRIPTION:

Consists of IMU holding fixture and cables.

(Available from Delta Program.)

$ -0- (NON-REcURRING) ""

$ (RECUHRING/_EJ_)

COST PER UNIT:

EQUIR4E_"_ CATEGORY:

NEW

IST YEAR RE_'D

EQUIPMEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

_II.[BER

a.a.a3

MODIFIED

__ NU_m_ AVAILABLE

ASIS X GFE

LOCATIOH NI_RER

REQUIRED R_UIRED

•ESC

Factory ""

1
. , ,,,

.

I

1 /

._J

TOTAL REQUIRED 3

., _ |

TOTAL COST $

f



LAUNCH COUI_DOWIt CONSOLE

, g'--¢.7



CO_FIGURATICR OPTION

GSE DESCRIPTION SHEET

NAME: LAUNCH COUI_T DOWN CONSOLE mUIR4FRT NO. 145

FURCTIO_IAL REOUIRP_.HT(S ):

Controls and monitors launch checkout and Fount. down of Tu_ vehicle.

ii i ii • |1 i i

EQUIPMENT DESCRIPTION:

Console with intercom and count down clock, status Indicators,
|111

nt_e_Ical display and assoo£ated clr_ultry. . ....

alpha

CO_T $
| i

EQUIPM.E_ CATEGORY:

NEW T
|

ISTYEAR RE_'D

30,000

20,000

(DESIGN AND DEVELOPMENt)

(_CUe,n_O/USZT)

MODIFIED AS IS X GFE,.at ETR

_ Rl._l_ AVAILABLE
ii i J

EQUIP_4EI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

- ,_._.3

2.k.l_
i

LOCATION NI_BER

REQUIRED REQUIRED

KSC 2

VTR '1 /
i l Jl i l,

TOTAL REQUIRED TOTALCOST$

|

5o-0Qo
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COWFIGURATIOZ OPTION

@SE DESCRIFT20N SHEET

_LNE: .. LH2-He._. HEAT EXCE_GER,. ,, ._ E0.UIR4FRT HO. ,,,147

FdNCTIONAT, REO.UIRF_.Fr(S):

.... ProTide prechtlling of helium used,., for APS tank,..,,,,.....pressurization, or main

_ropells_t tank pressurization
-- H ,i _ ,,, ,

,1
, i i u ii -,

E_JIPMENT DESCRIPTION:

L_-He heat exchanger utilising hardware from Sacrsmento Test Center and
........ , |, i ,

EBC vhere possible.
m,. i i i

i i i |

i i . ..

CO_. $..

EQUIPM_,'T CATEGORY:

NEW
ii " -

)ST TEAR REQ*D

EQUIPMEI_T UTILIZATION:

FURCTIOI_AL

FLOW BLOCK

NUMBER

• i i,, ,i

o (Dzsz(m AiD D_E_E_T)

_O,CO0 . (_.Cmmz_o/muT)

mD_Z_ ....X, _ __..__.._

_ BUMB_ AVAIIABLE

LOCATION NUMBER

REQUIRED REQUIRED

]_C 2

_TR .....,1

i i ii i i

TOTAL REQUIRED ,
TOTAL COST $

i i i

60,000
i ii

6-7o



I

8IGNAL OOI@ITIONIXIO UNI?



GSE DESCRIPTION SHEET

CONFIGgRATI_ ,t OPTION

_NE: SIGNAL CONDITIONING UNIT _UIPMFRT NO. lh8
i ii ii s il e i I

FUNCTIONAL RECUIR_.NT(S ):

,Interfaces between Tu_ vehicle and _ for si_o..ll and power =o..nd.i.tioning, and

str£but i
.ii . , i i

m...,. I I I I I | I II I I I I I •

I I II m I I I . m. i| " ' " m I m

EQUIPMENT DESCRIPTION:

,Consists of s 3 b.ay console vhich contains Junction box, (1) 1032 point patch Danel
i| _ i ii i i

..usmbly, (10) isolation amplifiers, (!) _.z_w relay-plane, (10) buffer amplifte.rs,

--(1) log£c power supply, and (20)..connectors and associated wiring.

CO_P

(Similar to
i

| M.--

t... 3oo,ooo

S_ 12o,ooo

(DESz Dry'EWe)

(_ING/_IT)

E_IPM_,T- CATEGORY: .......

NEW x
• ii i

MODIFIED
m

]ST YEAR REq'D FdMB_ AVAILABLE
|, ,

EQUIR4Eh_T gTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQUIRED REQUZRED

1.1.5

1.1.7 ALL
|

/ 1.1.8 ALL

2.3.9

2.b.3
i i

TPF/KSC
i|1 i ....

i

PPF/WTR

MCF/WTR
i ,,

Launch Pad/KSC

Factory

1
i i i||

.1

1

1

2

1
i

TOTAL REQUIRED TOTAL COST $



oI
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COIFIGURATIC.4 OPTIOn!

GSE DESCRIPTI02! SHEET

RA._E: ORBITER SIMULATOR
I i i ...... _.UIR4FRT NO. 149

FUNCTIONAL RECUIRF_4_,NT(S ):

Funct£onally simulates orbt_er/Tug interfaces for vm'J, fic&tion of ele_-_rieal
i i i J i • i i i , j

parameters
i i

| i ii i,, ii i. i| i, |ll| ,,. i

EQUIR4ENT DESCRIPTION:

Portable test set containing encoder, decoder and load test circuits.
i , i i u

Contains s_rl_ches and ind/cator lSghts
ii i ii t ii i | • i

ii ,i aii , i i|l i • i i i i. i

i ---
ii

CO_T $ _00,000 (DESIGN AND DEVELOP_ZET)

$ zoo,ooo (ZZ,ECUS.S_Q,TUJZ_)

EqUIPME_T CATEGORY:

NEW MODIFI_,.__.__ ........

IST YEAR REQ'D NUMBER AVAILABLE

EQUIPmEnT UTILIZATION:

IPONCTIONAL
LOCATION

FLOW BLOCK
NUMBER RE{_UIRED

,i.i.7.9 TPF/KSC
H i• J • .|

,,.z'.S.9

/ 1.1.9.9 Factory
i i

A8. I8

NUMBER

RE{_UIRED

1

1.
i

1

,j

|11

TOTAL REqUIRFI)

i

2 TOTAL COST $

ii

,.700_000



i
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•" CONFIGURATION OPTION

GSE DESCRIPTION SHEET

RXuME: PAYLOAD ADAPTER HANDLI/{G KIT _.UIR4ENT NO. 150

FU_CTIONAL REC.UIR_4EI_ (S) :

Provides protection and means of handling payload interface unit.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-352

COST

EQUIR4ENT CATEGORY:

NEW y

IST YEAR REQ'D

EQUIP;4E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

2.2.3

i0,000

5,000

(DESIGN AND_PMEBT)

(_mmamolU_ZT)

MODIFIED

NUMBER AVAILABLE

AS IS

LOCATION

REQUIRED

TPF/KSC
i ,i

PP_/KSC

m_/WTR

NI_._ER

REQUIRED

1

1
m

1
i i

TOTAL REQUIRED TOTAL COST $ 25,000



GSE DESCRIPTION SHEET

(_l_"XOutu_'J.Om OPTIOn!

NJL_E: PERSONNEL PROTECTION EQUIPM_ '
ii

, ED.UIR4FRT NO. 152

FUnCT_O_r, REC,.UIRn_._T(S):

P'n:)vlde environmental l='otect;ion for storable An loadliN; crew.
• I | i , ,u , • • i t - ii

ņ n I ........ " .... ... i n n I

i n ii .n, nn n n II

E_IPMERT DESCRIPTION:

Protective olothing, breathing d_lces, and fire equipne_t. SCAPE s'lai"¢ll_.
n • u ,i , ,| n u . n i llU ' IL -

if requ/_ed. -. •
II i ii iul i i u .au I I in i

-- nli I ii i n I m I I I m il ..... In m

COnT $ .... 0
u

E_I_ CATEC_RY:

nln u

IST TEAR REq'D

 Drn .

FCMB_ AVAILABLE
I I I II

ASIS X

_UIPME_ UTILIZATION:

FU_TIOHAL
FLOW BLOCK

_UMBER

EbC

._-- . . -

i

,]4

TOTAL BEqUIP,ED,,

f

i

-- -- ii

u L n n in n

$  2.oo0.



CONFIGURATIO}_ OPTION

GSE DESCRIPTION SHEET

RAME: PNEUMATIC CONSOLE ACTS PORTABLE TEST SET .....D_.UIR4FRT NO. 153,

FUNCTIONAL RECUIRF}_NT(S ):

._-ually checks electrical continuity of solenoid valves talkback and actuation

Qf solenoid valves, pressure switches, and transducers.

J

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-286 and 286A
i H . ,

HH I ' •

• ,. , ,, I I ' '

• ,, I , "

COST $ 76,OO0
i i i

28:000

EQUIPMENT CATEGORY:

NEW y MODIFIED ....

IST TEAR REQ'D

EQUII_4E_ •UTILIZATION:

FUNCTIONAL

FLOW BLOCK

J_4BER

.2.Z.7
J i|

(DESTel JmV DD_LOmUmT)

(_cuse'mo/us:m)

_ IW_MB_ AVAILABLE

ASIS

KSC STORABLE

WTR STORABLE

FACTORY

1
l

.i
in i i i in

1
i i ii

• .,, . - _ i ,i|

TOTAL REQUIRED ,,, "t" TOTAL COST $ 160,000

,.j
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CONFIGURATION OPTION

GSE DESCRIPTION SHE}_

UAME: POWER SYSTEM T/8 (PSTS)
i

E_.UIR4FRT NO. 155

FUNCTIONAL REC:UIR_.fET_T(S):

Provide means to load fUel cells and vehicle power d_stribution system. Provide

_-und pover sources for vehicle and GSE. Provide emergency power in event

facility pover malfunction.
," , |, , . =.. •

' " "m "

EQUIPMENT DESCRIPTION:

Two bay rack of electrical equ/l=nent containing two independent programmable power

supplies for vehicle power, one programmable power supply for GSE power_ and
i .m , . • ,, , m

programmable loads for vehicle power system C/O, a backup battery unit is provided
, • i. , . i i | i ,| ,

for emergency power.
,. i. i i ...... ,m

COST PER UNIT:

EQUIR4E_ CATEGORY:

$ • 13_,000 . (NON-RE_JRRING)

$ .ooo (RECU.R n )

NEW X MODIFIED AS IS

IST YEAR REQ'D NUMBER AVAIIABLE

EQUIP;.rE_ UTILIZATION:

FUNCTIO_;AL
LOCATION

FLOW BLOCK
U_4BER REQUIRED

1.1.S, 1.1.7 ALL TPF/ESC

/ / 1.1.8 ALL 1.1.9 ALL MCF/ESC

2.3.9, 2._.2

2._.3

Launch Pad/ETR

Factory

N_4BER

REQUIRED

!

i

1

2

TOTAL REQUIRED 7 T_rAL COST $



FRIIEED CIRCUIT CARD COMPO_E_T TEST SET



GSE DESCRIPTION SHEET

CORFIGURATIOR OPTION

NJtqE: PRINTED CIRCUIT CARD COMPONENT TEST SET _UIR4FRT NO. 157

_JNCTIONAL REOUIRF_4_.NT(S ):

_ Tests printed circuit cards and isolates difficulties to component level.

Provides voltages, input stimulij and loads. Monitors outputs of cards

,be!n _ tested .............

|1 i ii ,

EQUIPMENT DESCRIPTION:

S1mil_ to DSV-h_10h

ii i i , | , ,

C_T $ 39,eoo (DESIGR AND DEVELOPMENT)

EQUIPMENT CATEGORY:

NEW MODIFIED 20'/ _ 80_ .

IST YEAR REQ' D _ l_4B_ AVAILABLE

EQUIPMENT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

LOCATION

REQ_R_

N_

R_UIRED

.... ,n i

1

TOTAL REQUIRED 1

| i

TOTAL _ST $ . 92_.00o
,,.j



\

PROPELLAI_ UTILIZATION COMPON_ TEST SET
J



COIFIGURATIG,_ OI:_jiON

GSE DESCRIPTION SHEET

I/LME: PROP EI_. UTILIZATI0.N COMPONENT TEST SET E0.UIPMFRT NO. 159 ,

mmcTzoNAi. R_UXra_.aT(S):

_ Tests and calibrates P'U" electronics assemb_r adjustments.

EQUIPMENT DESCRIPTION:

Similar to DSV-hB-II2

CO._T

E_UIPMENT CATEGORY:

NEW X WTR

IST YEAR REq'D
i

EQU IPME_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.8.9
,=

/1.1.9.9

127,6 30

56.00o

(DESIGN AND DEVELOPMENT)

(_ctm.,tn_Gltm'zT.)

MODIFIED 20% AS IS 80% ETR

NUMBER AVAILABLE
rill

LOCATION

REQUIRED

T_/KSC

•Factory

1
i i i i i

.1

TOTAL REQUIRED

°.

ii i | , |

TOTAL COST $ "295.600" .

.__Y



COBFIGURATI01_ OPTIOM

GBE DESCRIPTION SHEET

NAME: PROPULSION C0MPOa_IT .ItEPAIRKIT __ _UIPHFRT NO. 160
I I in ,i

IqJrNC'TZO_^T.._ECUIn_T(S):

Provides equ/pment necessary for dtsassezbly, repe/F, re-Lssembly, and test
-- i i, i il

of propulsion components.
i i i i , i i i i I i i i|l , i . i

i I iii | iJ i i ,-

---- i i i ii[ i i i i

EQUI_ENT DESCRIPTION:

Collection of special tools, adapters, and other equipment.
.,. m i i

• i • i i • i iii i i

i • • iml i

,, 2,.ooo
10,000 .....

EqUIPME_"r CATEGORY:

x
i i

ISTTEARREQ'D

IR_UI_4Et_T UTILIZATIUR:

FUNCTIONAL

FLOW BLOCK

NRBER

/-r,l.12
i I | i

i i| i

(om'roa ,so

MODIFIED
J

IqUMB_ AVAI IABLE

ASIS

, • ira,

m

, Factor7

R_UIRED

1
i H| •

1_
I

1

TOTAL REQUIRED "3
I

I

TOTAL COST $ 32,000
i i



PROPULSIONP1FK'Ue£ATICCOZ{SOLE
(Cm_CKOUT)

,j



CONFIGURATiO;_ OPTION

-'t-r- f- -- j "I _all..JSA

NA!._: PNEL%IA_IC SKID CHECKOUT EQUI_.IfT:T rlO. 161

FUtICTIONAI, .REC.UIR_2_I',_(S) :

Provide regulated __as supplies to vehicle for pressurization of pneumatic and

prop____ellantsystzus. Used for leak and functional checks, purging, pressure

draining, and application of blar_.et pressures.

_UI_4ENT DESCRIPTION:

Pneumatic console such as DSV_hBL321 modified as required for special Tug

requirements.

CO.qT PER UI:IT: $ 50,000

EQUIPV,Ei;T CAIEGORY :

NK"_ X WTR

IST YEAR REQ' D

$ _5o,ooo

MODIFIED

EQUII'I4EhT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

R_4BER

l. .7.i-

i.i.7, 6-9

1.1.8 ALL

1.1.9 ALL

(NOH-RECURRIIIG)

AS IS

b_%_ER AVAIIABLE

•LOCATION

REQUIRED

TPFIKS_

PPF/WTR

Factory

MCF/KBC '

MCF/W_R.., ,

X ETR

NI_BER

REQUIRED

I.OFE

i

• .I OFE

1 OFE

/1

J

TOTAL REQUIRED TOTAL COST $ 950.000



_oPu_zo_ P:_¢_mzc cowso_
(LAU_CS)



GSE DESCRIPTION SHEET

CONF IGURA_'IOR OFrION

N^._.: " I_},"_4ATIC SKID LAUNCW E0.UIR4EqT NO. 162
• ,, -- i

FUNCTIONAL RE_UTRD4ENT(S ):

Provide regulated gas supplies to vehicle for pressurization of pneumatic
m ,.i

and propellant systems for pad checkout and launch.

, • , ii i ,a i

m, , • . i i, ,,. , t I . | •

EQUIPMENT DESCRIPTION:

Pneumatic console such as DSV-_B-_32A modified for special Tug requirements.
| i J m | i - - • i , ,• i . el i

J i ,. .i ,-. i | , i ii i ii i i

COfIT $ _ 50_000 (DESIGN _ DEVELOPMENT)

$ _5o,ooo _ (_cu_I_O/u_iT)

EQUIPME_:T CATEGORY:

NEW X WTR

IST YEAR REq'D
i i i

EQUIPHEI_T UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

2._.2

21_,3

MODIFIED

_ I_MB_ AVAILABLE

m

LOCATION NI_BER

R_UIRED REQUIRED

•Launch Area/KSC.

Launch Area/WTR

i i i i i

2 GI_

%.

1 I
L I I , III I

TOTAL REQUIRED __ ,, . 3

o"•

-- , i l,m I

• i , |

TOTALCOST$_.jqq,ooo "

m,, °.



,.j

PROPELLART OR PNEUMATIC CO_TROL CONSOLE J "' _



GSE DESCI{IPTION SHF.ET

NA!._: PROPELI_.'Ff OR _Et%'u%TIC CONTROL CONSOLE ED.UIH4_'T ]ZO.163

FUNCTIONAL RE_.UIRE%_I.'T (S):

Controls and pneumatic regulated gas supplies for vehicle pressurization of

pneumatics and propellant systems. Used for checkout, purge, and pressure checks

and loading of pneumatics into Tug vehicle. Monitors propellant loading and _n-

loading. Capable of semi-automatic or manual loading of propellants.
i | . ,,i .,. l

EQUIE4ENT DESCR IPTI ON:

Three. bay console with intercom, light and indicators, switches, and alpha

numerical displaT, and associated circuitry. (Similar to DSV-hB-233. )

COffr PER UNIT: $ 339,000

$ 33_-.000

a.AIIy I.* *L_ I *_*A V _ alA

NEW X WTR

IST YEAR REq'D

EQUI!'/ENT UTILIZATION :

FUNCTIONAL

FLOW BLOCK

N[R.IBER

1,1.7.1, -.h

/i.i.7.6 - 9

1.1.8 ALL

1.1.9 ALL

2.h.2

TOTAL REQUIRED

MODIFIED

NU_,I_ AVAII_BLE

LOCATION

REQUIRED.

TPF/ C

Launch Pad/KSC

PPF/WTR

 CF/XSC .

Factory

/ MCF/WTR

/

ASIS X

T(YrAL COST $

ETR

1 GFE

• E __

1

'.'iGFE

1



L . Ic
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GSE DESCRIPTION SHEET

CONFIGURATION i :'OPTION :) "'

I_: BAYY_Y CHECKOUT KIT
-- i iJm n

EQUII_4_T 1_0. 16_

FUNCTIONAL REQUIR_._J_T(S ):

Provide equil=nent required to checkout primary and/or recha_geable batteries.
--- , n, u , n ,

Battery activation, cell/battery voltage and current checks _lth/without load

(or during charging). Provide heater power measure, heater current, and battery

temperature.

EQUIPMENT DESCRIPTION:

Composed of work platform; two electronic eqU/l=nent racks, test cables, and test
l i i i

connectors. Electronic racks consist of power supply, battery charger, fans,
i

load bank digital voltmeters line printer and sequencer for automatic operation
, J , | ,i, i|

(similar to DSV-_B-171).

COST PER UNIT: $ 50,000

-0-

EQUIR4L_:T CATEGORY:

NEW MODIFIED X

_u_ _._._ AVAILABLE

AS IS X GFE

EQUIR._X_ UTILIZATION:

I_NCTIO_AL

FLOW BLOCK

_U_r_ER

LOCATION

REQUIRED

1olo13 Esc {TR,') , , , _ i

1

e

TOTAL REQUInED

,, ,, ,,

2

n | , , ,| ,

TOTAL 'COST $ 50,000



SPACECRAFTSI_.?JLATOR

.J



• COJFIGURATIOB OPTIO}_

GSE DESCRIPTION SHEET.

NAME: SPACECRAFT SIMULATOR
im

EQ.UIPMFRT TO. 168

_'_HCTIO_AI, REO.t_fRD_._T(B ):

Functionally simulates Tug/Spacecraft interface for verification of
a i • i i in i

electrical parameters.
i

i i i • | i i

EQUIPMENT DESCRIPTION:

Portable tester conta£nlng encoder, decoder and load test circuits.
.. ill i i i i i • ,l

EC_SqPM ET,"_CATEGORY:

$ 150,000

_,.... 50 .COO

(mmlam A_D D_XLOPMm_)

(_cuaamo/_zz)

X _D_I_ ASllB

IST YEAR P_q'D N2MBER AVAILABLE

E_JIPMEf_ UTILIZAT£ON:

_rioN_
FLOW BLOCK

NUMBER

-->

1.1.7.9
i •

z.1.6.9
li

/1.1.9.9

LOCATION

RmUIRED

, ,_,z,/ssc ,

Factory
i

i

1

I

TOTAL REQUIRED 3

i ........ '

TOTAL COST $ 300,000



SPACE TUG SIMULATOR

_J



• CONFIGURATIOR 0PTTO_

GSE DESCRIPTION SHEET

NAqE: SPACE TUG S_R EQUIR4_RT N0o 169
i • I I flu

Ftmctionally simulates TuK elee_r:Lcal psz'_en"8 for _rification of GSE, payloads
, . .. i ii ul I i

•nd 8hurtle intea'f&oes,
ll: i i ,. . iJ J : i • .., :l , i

i n n,.i I I u n n| I i n • n

EQUIPMENT DESCRIPTION:

3 B_. console ._n_rfaci_ with _ter _lex aonte/ni_ logic cards, encoder,

I • i nil n , • m ,,,lllmU,

¢Or;T

_UI_,'T CAT_ORT:

$ knn _nnn

1. fW'1_ _n .

(DESI_V AXD DEVELOPMENT)

• MODIFIED 30_ _ AS IS 70_o

IST YEAR RE_'D
nnn

_ I_'MB:_ AVAIIABLE

EQUIR4E_T UTILIZATION:

_mCT_O_
FLOW BLOCK

NIRBER

1.1.7.9
| I I u liEN

/.i, .,,, 0 _

,_L.I'.Q.9

LOCATION HIR3ER

R_UIRED R_UIRED

.... Te_'/_C !
• In n u n I

u n

1 /

Yactor_ 1
i il e

TOTAL RE_UZRED 3

n i

TOTAL COST $ ,790 _000
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GSZDESCRIPTION SHEET

CONFIGURATIO_ OPTION

N_ME: _AOE TRANSPORT PR_ION GN_ _ UNIT
Hi i ii| • -- -w

EO.UIR4FRT NO. 172

IqmCTIOWAL R tURD .HT(8):

P_es propellant system to an acceptable level for ground .air trans .port, maintains

prolix, nitrogen., pressure, at a levelj acceptable for stage puree and dry operation,

provides the required velTe actuation to protect the stage from adverse internal
is i I i i • i e i i i i

pr_ lllJLrell.
i i i

_IPMENTDESCRIPTION:

Utilize DSV-_B-1865
i i

EQI__ CATEGORY:

NEW MODIFIED ,, AS IS 100_

IST TEAR REQ'D ...... NUMBER AVAIIABLE

EQUIR4Eh_r UTILIZATION:

FUNCTIONAL

FLOW BLOCK

ImMBER

LOCATION

REQUIRED REQUIRED

EBC 1
.. .. iii

TOTAL REQUIRED
1

l!
TOTAL cost $ -O-

i
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CONFIGURATION OPTIO}i

GSE DESCRiPTZON SHEET

NAME: STAOE WEIGH AND BALANCE rl_ mUIR4FJ!T N0....!73

FUNCTIONAL REQUIREMEhT(S ):

Dltemlnes veiKht ud center of gravity on stage .ud tilt t_!?.

EQUIR4ENT DESCRIPTION:

81_Ll_ to
am .D6V-7-321 !ncZuaes electronlc8 .from DSV-hB-3_.

' , i i

COST $ 5,000
i . i

EQUIPMENT CATEGORY:•

NEd

IST YEAR REQ' D

75.000

(DESIG_ ARD DEVELOPMENT)

(mccu_TaQ/U_IT)

MODIFIED 10%

NU_ER AVAILABLE

I

AS IS 90%

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

_z.15

LOCATION

RE_.UZRED

_'/_sc
i

RD_UIRED

1

.I
ii

, i

i

TOTAL REQUIRED

|, ,

2
| TOTAL COST $ 155,000

, I



N



COIFIGURATIOB OPTION

GSE DESCRIPTION SHEET

NAME: STAR TPJ_CKER SIMULATOR _UIPMFRT NO. 174
I! I , i i I

8:Laulates vatting sts: ma4n£tudes and position t"oz' optic tnte_rtty during
• i J i I I I i ,l

_ound checkout.
ill , , | i i

| i | i ,11 i i ii i i

, i i i i |11 I i i

EQUIPMENT DESCRIPTION:

A portable tester that can be attached to the star tracker
i , i i | i

i ii iii i i ii iii

i

I r .I

am i

i

• " t

ii

i iii i

• • - !, q

CO'_'

i,i

$ • 60,0o0

$. _e.,.ooo.

EQU ll_,_),'TCATEGORY:

X
i

IST TEAR l_Eq'D ,

EQUIR4E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

IIIRBER

i.z.z3
• l ,u |

MODIFIED

i ii |i

(DESIGN AND _PME_IT)
i;

(mm'um_ol_) ' ...

FOMBER AVAILABLE

ASI8

LOCATION

R_UIRED REQUIRED

.r_/_,

zPP/,,n_ "-'_L ' ' '

i;

,.i ;; .: ;"''"

• ,..: ;".

{_ . ..

ii

TOTAL REQUIRED 3

i

186,000
i i
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GSE DESCRIPTION SHEET

CONFIGURATIOB OPTION

N_qE: STATIC DESICCANT KIT mUIR4FRT NO. 175

ImmCTION^r, RECUIRD_.NT(S ):

Px_vides eontamin&tion control of main propellant tanks when not pressurized
.I I i ii i • ii .

• |, ,,

EQUIPMENT DESCRIPTION:

Bre&ther assemblies with connecting hoses and clamps. Similar to
II i • . i , i

D6V-_B-365 & DSV-_B-_0 kits
ii I ,,• i. | i I

CO_Vr

i J i..

$ .... TOOO

$ _o
i t |ira i i i

EQUIPMENT CATEGORY:

i

TEAR REQ'D

EQU I'PME_ UTI"r.,IZATTON:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1,23

(DESI6N AND DEVELOPMENT)

(_cvea_o/vm_)

MODIFIED x
i,i

l_4B_ AVAILABLE

LOCATION

I_UlnED

ESC

-J.-

i |

NUMBER

REQUIRED

-2
i

TOTAL REQUXRED 8, TOTAL COST $ 15.000



,

PROFULS 701_
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SUBSYSTI_4 I_DNITORI/_G CONSOLES



OSEDESCRIPTIONSHEET

CONFIGURATIOR OPTION

NAME: SUBSYST_ MONITORING CONSOLES _.UIR_FRT NO. 176

FUNCTIONAL REOUIR_._NT(S) :

Mbnitors subsystem checkout and count down of avionics subsystems and

displays status
- , , , • | . ,, m, , ..... , , ,

,,, ,, i¸ i i , ,m , ,,

--- ,, , i • ii i i i , i

EQUIPMENT DESCRIPTION:

Console with intercom, light and indicators, switches, and alpha nmnerical
,-- i • i m i , i ill , .... , ,,,Nil

display (propulsion, avionics, thermo, pneumatics)
i i i i | i i

• i , iii i , i i ,

COnT $ 70,000 (DESIGN AND DEVELOPMENT)
i i

E_U!FMENT CATEGORY:

NEW x WTR

IST YEAR REQ'D

E_U IPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

MODIFIED

_ FdMBER AVAILABLE

AS IS X ETR GFE

LOCATION

REQUIRED

E_C
ii H

W'£'R

°

3

k_j
TOTAL REQUIRED J TOTAL COST $ zzp ,oo0



CONFIGURATIOR 0PT_ON

GSE DESCRIPTION SHE_

RAME: ENVIRONMENT CONDITIONING UNIT
i i i Eq.UI}%IF_T NO. !S0

FUNCTIONAL RE0.UIR_4ENT(S ):

Supplies conditioned air to trapped atmosohere sections of the Tug

vehicle d_ing manned occupancy in those sections.
i |

I • . , i

| • m

]_QUIPMENT DESCRIPTION:

Includes blower, controls,
, • i

and directed ductin_ for air flov.
J , IL

'II I ,

COST $
i

$

EqdIR4E_,'T CATEGORY:

NEW
in i

IST YEAR REQ'D

EQUIR_E_ UTILIZATION'.

FUI;CTIONAL

FLOW BLOCK

NUMBER

1.1.5 -
H

110,000 (DESIGN AND DEVELOPMENT)

_a,2,ooo+, (_mOIUNZT)

MODIFIED I0_

Nt_MBE_ AVAILABLE

As is_

LOCATION NL_,_-'R

REQ.UIRED RD_UIRED

Tm'/KSC

PPF/KSC

Pm,/WTR

,, Factory

1

1
i im

1
i

1
it.

TOTAL COST $ , 1,078.000





G8E DF_CRIPTXON SHEET

NAME: TILT TABLE KA_DLING KIT mUIR4FRT NO. 181
I ii I

FUNCTIONAL REC.UIRI_._ELT(S):

l_w£des means of tz'snspor_ing and handling _e aft tnterStage.

,,J

J I , , i i, i i if i i i

i | | •

EQUIPM,ENT DESCRIPTION:

S_._a_ to _V-_B-307

I i

COST

EQUIR4L_T CATEGORY:

NEW T
m

1ST YEAR REQtD

$

EQUIP;4EI_ UTILIZATION:

FUNCTIOI;_L

FLOW BLOCK

NUMBER

z.1.16
I

,1.I.17
ii

i

TOTAL REqUIR_D

,,!

o000
i

lOaO00

i , ,,i

(Dzsios _ Dzv'_o_)

(m_tmlmm/im'r_)

MODZF'rED
, || ,

_ _ NUMBER AVAILABLE

ASIS

LOCATION

REQUIRED

T_/KSC
i

, Facto:r'3"
| i

2
| •

.3.
.ll

!

n

TOTAL COST $

J



o

GSE DESCRIPTION SHEET

CO_'IGb'RATZO_ OPTION

• t_E: TRACTOR - TRANSPORTER
ml i

FtmCTIO_^L ._EC._UlRD_.NT(S):

To pull transporter for Tug/SC
I

mUIPMFRT NO. 182

il II i _ i i i l i J i

EQUIPMENT DESCRIPTION:

Three axle tractor with sto.
I

5th vheel -- Ford C-800 or equiv.
i,i i L _ ; i i

CO_T

ii i

$, 0

$ 0

E_UIPM,_ CATEGORT:

NEW
|i , J,

IST YEAR REq'D

EQUIR4E_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NRBER

1.1.2.1 -"
II i I ii i

• 1.1.25
i I II ,m

2.1._
I i

2.k._;
i

2._.8
1

MODIFIED

(DESIGN AND DEVELOPMEET)

(mmumu_o/',+m'_)

,, i

_MBm AVAILABLE

ASI8

I

i i|

i

X GFE &t facility

REQUIRED

@
|11 i |

i,

TOTAL COST $

i • i i

i i ep_
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COEPIGt_ULTIO3 OPTIO_I All

GSE DESCRIPTION SHEET

]gt_gCsTRANSPORTER mUIPMFRT NO. 183
-- I i

To Kive hor$zon_al suv_ort and provide mobility to the enT.tro_mentally

_t_d T_ _rlth a secon4ary capabil.tty for roll and access. ..

I I i i I i | • i ill i i i i i| | i

B_/IPMENT DESCRIPTION:

....A 8sturn SIVB transporter mgdified to incorporate Saturn,Workshop runnin_

_ Ee.Lr _ for provisio n of T_ compatible cradles. . .....

I j i I I • I I! I I i _ ii i i

i II I I | i • i i i J i ii i • Hi i im I

lo,ooo (DESI_ AnD _r'l_,oP_)$ .....

# 25,ooo (m_ms._o/_)

EQL_ CATEC_RT:

NEW mDn,,iEo _S ._ :m 8oS

RUMB_ AVAILABLE
i i

EQUIPMEI_ t_ILIZATION:

FUNCTIONAL

FLOW BLOCK

NRBER

LOCATION NUMBER

P,_UIRED RmUIRED

1.1._ ESC
II m| i

1.1.2.1
i

1.1.2.2

I.I.25
i

2.1._

li |

I

tm

WA-_

Factor 7

2

1
i

2._.8
TOTAL REQUIRED

/

7 TOTAL COST $

• t |

.185,o0o

- ._



I ]/4" T|YLOIt

ROPE

!:

TAG

LltiES {2_

A

LINES

VIEW A (3 PLACES)

I I I III I II

CODE ID:.._;T NO.! SIZE

ii m ., ,.. i

_0" SUPPORT KIT

VERTICAL

I

..J



COIfFIGL_JLTIOB OPTIOM All

GSE DESCRIPTION SHEET

NAME: TUG SUPPORT KIT (VERTICAL) I_UIR4FRT NO. 184
Ha | , II I a

FUNCTIONAL RECUIRFJ4E._'T(S):

A welded s%ruetu:rsl steel stand ta match Tug/Shu%tle attach poL_ts and
.... i i

support Tu_ in a vertical _ostt$on for SC maise.
i

I • i i | i

i _ , i i

EQUIR4ENT DESCRIPTION:

Welded structural steel tube _k,O00 lbs.
ii i

ii

i i i J

|

i i

i i i

CO_T

EqUII_,'E_,_CATEGORY:

NEW

IST YEAR REq'D

E_UIP_4EZ_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

2.2.1.1
Jl i n

__:2:!:2

$

$

• i

(DESIGN AND DEVELOPMENT)

MODIFIED

I_MB_ AVAILABLE

ASIS
i

LOCATION

REQUIRED

KSC
I II I

WTR

Factory

NR_ER

REQUIRED

1

1
i

:1

I. i

TOTAL REQUIRED 1 i

i

TOTAL COST $ ,. 25o ooo



\
0
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CONF IGUHATiON OPTION

GSE DESCRIPTION SHEEr

NAME: UMBILICAL SYSTEM

FUNCTIONAL REQUIR_4E, NT(S ):

E_.UIH4F_T NO. 185

Connect t.est and checkout equipment to vehicle or to orbiter umbilical. Also_

used for post flight safing.

EQUIPMENT DESCRIPTION:

Orbiter-half disconnects,"ground-half disconnects (if different from orbiter-

half),and hoses.

CO::T $ _00,000

$ po;ooo

EQUIPMENT CATEGORY:

• NEW X

IST YEAR REQ'D
,|

EQUIPMEhT UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

1.1.5

2.3.2.2
i

/2.3.9,

2.h.2

2.4.5

TOTAL REQUIRED

(DESIGN AND DEVELOPMENT)

(I_C*_RING/IA_IIT)

MODIFIED AS IS

, ]_.,"MBEFtAVAILABLE

LOCATION

REQUIRED

KSC (Launch pad)

mD1p I W_

MCF/KSC

Factory

PPF/WTR

MCF/WTR

NUMBER

REQUIRED

2
, ,... i ..

1
. ,1

1

1

1

1

7 TOTAL COST $ 75o__09o



CONFIGURATIOE OPT_O,,

GSE DESCF.IPTICN SHEET

[_tME: VOICE AND TIMING SYSTEM EO.UII_4F_ITNO.

Ft_|CTIONAL RE0.UIR_2._EE_f(S) :

Records timing and voice on Wide Band Magnetic Tape Recorder.
i

189
,,|

EQUIPMENT DESCRIPTION:

Slm/lar to DSV-_B-T?2

•COST $ 10.000 (DESIGN AND DEVELOPMENT)

$ 6.ooo

EQUIPMENT CATEGORY:

NEW MODIFIED AS Is 100%

IST YEAR REQ'D NUMBER AVAILABLE

EQUIPMEZ_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

RI_4BER

LOCATION

REQ.UIRED

N[_BER

REQUIRED

2.h.3 Ksc (BLOCrmOUSE)

wm (BLOCmOUSE)

1 GFE at ETR

-i

TOTAL REQUIRED 2 T_rAL COST $ 16,ooo



I

_rlDE _|D _AG_E_IC TAPE RECORDER



GSE DESCRIPTION SHEET

COIIPIGURATIOB OPTION

NAME: WIDE .BAND MAGNETIC TAPE .RECORDER Eq.UIR4FRT NO. 190

r,_CTZONAr,9EOUIX_T (S):

, Receives and stores TM data for .eventual ,playback and data analysis.

,ll , , , ,w ,,

E_3IPMENT DESCRIPTION:

Similar to DSV-_-127
•, , , __ , ,. ,, m ,, , ,i

. . , • • .. ,

, ,m , ,. , ,,

.. • • i: ill i i

, | ,,i . ,,..,i |

1 m | i i ,i i

ii ,|

• i ,m _

c(_r $ 12,000 (DESIGN AND DEVELOPMENT)

$__ _T ,000 (RECURR_G/UNIT)

EQUIPMENT CATEGORY:

NEW X WTR MODIFIED
, ,m

ASI8 XETR

IBT TEAR REQ'D ..... _ NUMBER AVAILABLE
:i i

E_JIR4ENT UTILIZATION"

FUNCTIONAL
PLOW BLOCK

FdMBER

1.1.7.9

1.1.8.9
,m

1.1.9.9
i

LOCATION

_UIRED

Te_/KSC

MCF/KSC
i i l i

_T_/WT_
i | ,m iL

MCF /WTR
|i

1 GFE ETR
,, -_,,

1 GFE ETR

1

1
i

TOTAL REQUIRED •o_ cos_ $

i ! i

lO6,OOO
|

•.-,_ _4f )..0
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001rPIOURATIOI 0PTI0_ All

G8E DESCRIPTIO_ SHEET

_qE: WORKSTA_D - KIT _UIR4FRT NO. 191
iii i| I I

FUNCTIONAL RE_UZRk34E._(S ):

To _ide access to side sad end of Tug (spa_e e='st_) vhlle Inst.._ed on
|11 | laD I I II I I | IIIH

'_e.nspo=ter.
.... i i i .i i _ i i

i i i ii iii • i i i I I i ll||

i |1 i i |l i I i |

I_JIR4ERT DESCRIPTION:

, Side access ,-- carbon, steel __le and_grating platform :&ted to transporter.

access.._-- steel -_-_!e a_d _-atin_ structure with ext. ensib!e platforms, mated

to transporter'

C0_T _ (u_sxra _ D_ZLOPM_T)

(HCUmmO,'U.ZT)

EC;_IP),'._'T CATEGORY:

NEW X

lST YEAR REQ'D ..

_D_I_

F_MBHt AVAILABLE

E_JIPMEh_/ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

INMBER

1.1.5
| •m

2.2.1.1
i i

2.2.2

2.3.2.2

3.1.1.
i i i •

m/_c
ii

Storable Prop/KSC
i i i ii

T /KSC

ii •

Storable Prop/_TR

2
• I

.1

3
i

3
I

1
a i •

TOTAL REQUIRED

F_to_

12

2
|

1_7,000
i •



CONFIGURATIOIq OPTION All

@SE DESCRIPTION SHEET

l_t_E: SECURITY VEHICLE _O.UIR4FRT NO. 192
i , ,, | • i

IeUNCTION^T, REO UIRF_.HT(S ):

Provide on-site tTa_soortation _0_the security personnel accom_antn _

DoD Spacecraft an4 secure Tu_ vehcle from classified facility to cl@ssified

facility

, , ,, , i ,i,

_IPMENT DESCRIPTION:

.. Two axle motorized vehicle. GIVE at facility..

I

co_r $ -o-
i ,| |

$.. .-0-

EQUIPMI_,'T CATEGORY:

NEW X

IST TEAR REQ'D

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

-2.2.1.1

2.3.1
i i i i

2.3._
i i

2.5.8

| ,

(Dssi_ Jurammm_omu_)

(RECammGIUaZT)

MODIFIED

IqUMB_ AVAILABLE

ASI8

LOCATION

REQUIRED

KSC
im | ii

WTR
• I

NUMBER

RmUIRED

3
|1 i|

.3

I

TOTAL REQUIRED 6

I

TOTAL COST $

• i ii

-O-
i



CONFIGURATIOZ_ 0._2iON

GSE DESCI,_IPTION $HE£T

NAME: SIMULA.TION FLIGHT TEST COMPUTER PROGRAM E_.UIR4_;T )70. 301
• • , u , , |, __ , , ,

FUNCTIONAL RE_UIR_}_(S):

Simulated flight test (integrated system test) verifies Orbiter and Tug operate
-- l, , am

as a system. Verifies all interfaces in a simualted flight mode approximate b,0K.
uln m . ,,, _ ,,,L • , n,

.j

,m i ,

_UIPMENT DESCRIPTION:

Magnetic t_pe or disk, listing .Ox',d,tess =rocedure.

•, L ,, J ' "--

iN m , J .... , .....

COST PER UNIT: $ 1,329,780 (NON-I_Ec_]RRING)

E(_UIPMENT CATEGORY:

NE_4

IST YEAR REQ' D
|

EQUIPMEI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

RT_IBER

2.3.9

2._.1
, L

2._.3

MODIFIED AS IS

NUMBE_ AVAILABLE

LOCATION

REO.UIRED

MCF KBC _

MCF WTR

Factory

_..1

.
L

m

TOTAL REQUIAED 3

_m ,

TOTAL COST $ 1,91h,005
._/



CONFIGURATION OPT!OM

GSE DESCRIPTION SHEET

NAME: GROUND CHECKOUT COMPUTER PROGRAMS D_.UIR4FRT NO. 302
i • , l i| il

FUNCTIONAl', RECUIRF_EHT(S ):

Executive control of Tu& avionics computer and ground checkout computer.
i i • • i -- i , i

Avionic c_=puter, _.YecutiTe and ground checkour_ computer executive.
. , : i ,m i i

EQUIR-IENT DESCRIPTION:

Magnetic tape of disk; listing, and test procedure. 28K approximate memory

instructions. (CASE computer checkout executive progrem 20K, flight comPu%er checkout
H | ill ii i i • i

execut*ve 8K. )

s | ,, ,,| , i , i , ,

.... _o,(_o (DESI_ am) nrVL_P_WT)CO_ $_

$ 29,06_ (__o)

EqUIPMI_,'T CATEGORY:

NEW.____

IST YEAR REQ'D

EO.UIPMEZ_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK
NUMBER

2.3.9
l i l

i

2._.3

MODIFIED AS IS
i i

I_MB_ AVAILABLE

LOCATION

REC_UIRED RE_UXRED

i

T0_tor_

o

1

i

TOTAL REQUIRED TOT*LCOST $ 319,7oi,
i •



CONFIGURAT_OR OPTION

GSE DESCRIPTION SHEET

_LME:
,i

COMPUTER PROGRAMS

FUNCTIONAL RECUXRFJ_kT(S ):

GROUND CHECKOUT TUG PROCESSING FACILITY E_.UIR4FRT NO, 30_
,u nl

All system test. Subsystems test
, , m,

Instrumentation system calibration & test.

(used on long storage Tugs) Programs for power distribution test, communication

test, ACPS, engine gimballing (steering), propulsion -pressurization, propellant

Utilization, engine electronics, thermal control, data management, and guidance
,, , i

Nawlgatlon & Control
EqUIR4ENT DESCRIPTION:

Ms4_netlc tape or disk, listing, and test procedure. 256E approximate memory

instructions. (Tug power on/off 1OK, power distribution 25K, communications 2OK,

propellant utilization 6K, APCS 20K, engine glmballinE 20K, propulsion h0K, data

mana_nent 20K, GN&C I_K, instrumentation system test and control 35K, all system

test hSK.

CO._T $_ 2.657,280 (DESIGN AND DEVILOPMEr_)

$. 3_9,322 (RECURRING)

EQUIR4ENT CATEGORY:

NEW .X MODIFIED , . _

IST YEAR REQ'D I_4B_ AVAILABLE
i

ASIS

EQUIPME_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

_UMBER

LOCATION

RI_UIRED

1.1.8.9
i,

i if|

r

ESC

WTR

Factory
, ,, ,,

1

1

1

j°

TOTAL REQUIRED 3

|, ,|, |i

|| ,,

TOTAL COST $ .3,606,605



CONFIGURATIOROFTIO)!

GSEDESCRIPTIOn!SHEET

FUNCTIONAT,RE3UIRFJ_HT(S):

GSE Integrity checks and self-check program
,i • i i

°"

EQUIPMENT DESCRIPTION:

Magnetic tape or disk, listing, and test procedure. 6_K approximate memory
ill m| . | | i

instr__GSE/Tug connector verification program 15K. GSE self check program
i i iJ I i| i

5OK.)
-- i i i i i i ii is

i L , i ii , , i, i i ii i i ,_

CO,'_T $ 67h.700 (DZSI_ *_D DEWU_P_m_T)

$_ 67,h70

EQUIPME_."r CATEGORY:

NEW x MODIFIED

IST YEAR REQ'D
l||lJ i

EQU II_._i'_uTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

I_RB_ AVAILABLE
| ,m, i

1.1.5
i | il

2,3.9
i

Wd&&,

Factor_

.

i i

!
i

i

i

I

TOTAL REQVIRED 3
mR i

TOTAL COST $

i

7h2,170



COMFIGURATION OPT!0N

GSE DESCRIFTION SHEET

R&ME: LAUNCH COL.q_fDOWN CO:._ER PROGR_ , ED.UIR4_:T N0. 306

FUNCTIONAL ._ECUIR_3_kT(S )

Simulated flight test program, propellant loading, and countdown program

(power transfer, vehicle Status and redline checks)

EQUIR-_ENT DESCRIPTION:

Magnetlc tape or disk, "listing test procedure, countdown manuals, 65K "

approximate memory instructions. (Propellant loadlnR pro_r&.n 35K;countdown program
.,, , , . | , . l

_oK. ) -
i _ • , J

" .CO_T

• °

67_ ,T00

EQUIPMENT CATEGORY:

NEW' x

IST YEAR aEQ'D

EQUIP_._EI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

NUMBER

.. 2.b,. 3 .

. ., ,| ,, ,,

(DESIGN AND DE'_LOPMEI_)

(_CQR_,_Q) "

MODIFIED

NUMBER AVAILABLE

LOCATION

REQUIRED

KSC

_m

NUMBER

RBQUIRED

1

1

TOTAL REquz_;D
, m ,

2
H

i,,

TOTAL COST $ 742",!70



CORFIGURATIOm OPTION

OSE DESCRIPTION SHEET

_v N_E: SUPPORT SOFTWARE COMPEFEER PROGRA_W mUIPMFRT NO. 307

FUNCTIONAL REC.:UIRFJ_.NT(S) :

Checkout compiler - u_mbler, Tug/_ E funct£on dict£onar7 and calibration
i

program, system siamlation program, Tug flight e..omputer emulator, orbiter/Tug
i

checkout ocaputer emulator, Fortran equation model program, trend data analysis
i • i n| i i i

program, flight pro_ assembler and orbiter/Tug computer progra m assembler
: i i

EQUIPMENT DESCRIPTION:

Magnetic tape or disk, listing, and test procedure. 80K approximate memory
n | i i i i i i

instructions. (Data description program 10K, dictionary program 10K, compiler/
i i • . • | Hi i i " i ii

assembler program 6OK. )
ii | li i m w | i i i l

i.i i • i m

CO_T

EQUIPM]_,"I' CATEOORT:

$, 83o,_oo

$ 83,o_o
++

(DESIGN AND DEVELOPMENT)

(P,,,mcumuso)

m,,X
I_DIFIED JI_IS

l

lST 'tEAR REO.'D _ .. ]D4BD AVAILABLE
i

_IP_r UTILIZATION:.

_IONAL

FLOW BLOCK

NMBER

2.3.9
i|, . ii

2.&.1

KSC
I

i i i

_" Faetor_ ,

REQUIRED

1
I

1

'1
|1 i •

TOTAL R_UI]tED .
i

i
I

+

I I
=,

.+

TOTAL COST $ _13,hO0

.



COI_IGURATION OPTIO_ 01

/='7-PTV GSE DESCRIPTION SHE_.-'I'

_/_wBS_-o7-o£ _ - -:"2- _' ;

UJtME: AEDC INTERFACE CABLE KIT i_t_R4FRT NO.
, | t ,,i l :|,

-308
, , • , • , ,

FUNCTIONAL RE_UIRET._%'T(S):

Inst,z_ment_,tion red.red to instrument _ fo_. propulsion test y.e ,hi.cle testing.

in J_ Zest cell at _DC.

-- , ,, , ,, L , • ,, ,

EQUI;_ENT DESCRIPTION:

50 Instrumentation cables run between Tug and Junction box. Also. 6 interface
i | , : ,m , J • p

_ables.

, • _ .... m , t

• , | ,m it

COST PER UNIT:

EQUIR4EI,"f CATEGORY:

. 13,500 (NON-RECURRING)

t 30mOO " (R_cu,_I,a/Yr._)

NEW X_

]ST TEAR REQ'D
i

ENI}_.|EI_ UTILIZATION:

FUNCTIONAL

FLOW BLOCK

N_4BER

MODIFIED

,, NUMBER AVAILABLE

LOCATION

REC_UIRED

ASI8

J

, , , ,i

TOTAL COST $ I_3,500

_/3o



_-""PTV GBE DESCI'IPTZO_! SHF..EI'

:' WBS 3aA-07-01

_: ...Tuq _ZST ¢ZLLH,OLD_OFXXT_

rV.CTIONAL._E:._R_m_(S):

CONFIGURATIOB OPTIOtl 01

J

_O.UIPr4t"_T l_O..._ 3O9

Hp.l._.n_ fixture to mount Tq in the J_ ten cell at AEDC.
s_ i i J ,,

,s | , , IL ' i ' ,= i, ,, ,,= ,

EQUIPMENT DESCRIPTION:

Tubular steel holdlmg flxture that adapt %o Tug and test cell.
ui _ ... _ i ,,a Fm , i

n , _mmm , , •

COST PER UX(IT:

EQUIPI4_,'T CATEGORY:

NEW

IST YEAR REQ'D

EQUIPMENT UT'rLIZATXON:

I_NCTIO_AL

FLOW BLOCK

NUMBER

$ , ,sj_o . (m1-Rzctnmn_o)

$_.... _6.0oo _. _ (nZCU.._Z"O/YZAR)

m _AIIJLBLE

LOCATION

REQUIRED

ASIS

,I ,t

i i l

TOTAL REQUIRED TOTAL COST $ 1_,750,,



CONWIGURATION CPTiON

_:Ii.,¢,v os_ DE_C:_IV_IO,',s_
WBS 32A-0T-01

HJt_E: AEDC INTERFACE F6NCTION BOX EQ.UII_4E_ITNO.
i| • =i m t i | i ii

Ok

FUNCTIONAL REC.UIR_._I_ (8):

Instr_entatton Junction box required to interface with J_ test cell at AEDC.
I i i .. i ........ , i ,• ,m ,i .

i i . i , i , . i .... . .... il

_ . , . L . , ,. ,. , _ . | , ,

EQUIPMENT D_CRIPTION:

Junction box with 500 twisted shielded wir e and 60 connectors.

COST PER UNIT: $ 12,500
, =H

16,_0

EQUIR_EI_ CATEGORY:

NEW MODIFIED ASI8

IST YEAR REQ'D N_4BER AVAIIABLE

E_IPMEI_T UTILIZATION:

FUNCTIONAL

FLO_ BLOCK
N_IBER

LOCATION

REQUIRED

_Jq

o

,, • • ,,

|,,

TOTAL REQUIRED T_AL COST $ 28_500

,



CONFIGURATION

Q

PTV OSE DESCRIPTION SHEKT

_/ . r
WBS 32A-07-01

IWtME: TEST SOFTWARE COMPUTER PROGRAMS mUII_4_"T NO.
. t i t i "

311
,

OPTION

FUNCTIONAL REC.UIREMENT(S):

,Test software to control, the propAlsion test vehicle testing in Jh test cell

at AEDC. , .

O1

=... ,= ,

EQUIPMENT DESCRIPTIOIT:

Magnetic tape or disk, listing, .and test procedure. (See attachment.)

. i

i,i , , i . i |

: " ii ii i t t

COST PER UNIT: $ 20,760

$.. -0-

E'QUIR.[EI_.-CATEGORT:

NEW X
in i,

•IST YEAR REq'D

E_IPI._EX_ UTILIZATIOr_:

FUNCTIO2_AL
FLOW BLOCK

WUMBER

TOTAL REQUIRED

(NON-RE L O)

(RECU.. ING/Y A )

MODIFIED

_BER AVAILABLE

ASIS

LOCATION

RE{_UIRED

AEDC Jh Test Cell 1

TOTAL COST $ 20,760



CONFIGURATION OPTION

OSE DESCRIPTION SHE_'T

NAME" MISSION CONTROL TUG SUBSYSTEM SO_,ARE EO.UIR4F_T NO.

FUNCTIONAL REC.UIR_I,T(S):

l_oviAe software to drive displays for _ subsystem status. Utilizin_ existing

_ftware programs at mission control and provide subroutines for _ peculiar

functions.

E_IPMENT DESCRIPTION:

Card decks, listings, and magnetic tapes.
i Ill :

COST FERUNIT: $ 950,000 (NON-REC_/RRING) FOR NASA AND DOD COM3I[_ED

$. 2,173,500

EQUIR4E_;T CATEGORY:

NEW
|

MODIFIED AS LS

IST YEAR R_'D NUMBER AVAI IABLE

E_IPMEST UTILIZATION:

FUNCTI0_AL

FLOW BLOCK

R_4BER

LOCATION

REQUIRED

l_AMission Control
us

DOD Mission Control
J | H

,

1

| , ,

TOTAL REQUIRED TOTAL COST $ 3,123,500



TEST SOFTWARE REq_E_m_S (AED¢) J_ TEST CELL

A. Define instrumentation requirements

1. Assign data channels and speeds for analog data.

2. Assign discrete channels.

3. Determine data recording requirements (tape recording, strip chart,

and real time reduction via Raytheon 520 and It_ 360/50 computers).

_. Determine console real time data display requirements.

5. Determine checkout computer (IBM 360/4_ data input requirements

for real time test control and monitoring).

B. Defi.ne control paremeters

1. Assign control f_nctlons for manual control panels in J4 test cell.

2. Assign checkout computer control functions (relay closures and

logic level).

C. Define calibration data

1. Determine calibration for facility instrumentation (use trend

data from other test programs).

2. Determine calibration for the test oeculiar parameters.

L

It is assulaed that AEDC J_ test cell provides channel assignments list, calibra-

tion data, signal routing requirements from existing support software programs.

MDAC will have to provide inputs to these progrems through Interface Control

Documents (ICD).

COLD FLOW TEST

Develop a checkout/control progrem to perform the Cold Flow Test. This program

to be executed on the IBM 360/_ computer will provide the following:

a. Automatically accomplish facility monitoring and control.

b. Initiate, monitor, and terminate cold flow per the design

parameters.

@. Secure test article and facility.

d. Provide the emergency shutdown sequences.

_his program is sized at 12,000 words which include limited real time docu-

uentation via a line printer.



CON_IGURATIO_ OPTIOn;

GSE DESCRIPTION SHE._

--.m,..._........_._

NA_: DOD MISSION CONTROL STATUS AND MONITORING E_.UIR.fENT NO.
i i i | i ....

sT ZOn

T'33.3

Prov£de Tug status to DOD mtss£on control for prov:Ldtn_ up/dovn link ¢o:=_nds.
IL I m m I I,l|l el I

Pr_ide subsyst_n status for trajectory and guidance, propulsion, electrical power,

thermal, dat& management, test director, and rendezvous and docking _unctions.

j

EQUIPMENT DESCRIPTION:
IP

Seven two bay sitdovn consoles with cathode rs_7 tube, alpha numerical displays,
.. -- . , i . i m, i i ,

ool_unicat$ons, and associated circuitry.
............ | • L_ , ' I I I ,| •

p.
COST _ER UNIT: $ (NON-RE_JRRINO)

°.

EQUIPMENT CATEGORY:

NEW MODIFIED AS IS X GIVE

IST YEAR REQ' D _ NUMBER AVAILABLE :
i . ill

EQUIP;.fEZ_.UTILIZATION:

FUNCTIOEAL

FLOV BLOCK

N_dBER

LOCATION NtN,_ER

• REQUIRED REQUIRED

•DOD Mission Control
it mm I m

J , i

TOTAL REQU!RF_D

i

TOTAL COST $ "-0-

" W



CONF IGIfRATION OPTIOM

GSE DESCRIPTION SHE}_

NAME: NASA MISSION CONTROL STATUS MONITORING

STATIONS

FUNCTIONAL RECUIRF/_:_ (S) :

EqUIR4_T NO. 31h

Provide Tug status to NASA mission controlfor providing up/down link commands.

Provide subsystem status for trajectory and guidance; propulsion, electrical power,

thermal, data management, test director, and rendezvous and docking functions.

E_UI_,4ENT DESCRIPTION:

Seven two bay sitdown consoles with cathode ray tubes, alpha numerical displays 1

communications_ and associated circuitry. .....

COST PER UNIT:

EQUIPMENT CATEGORY:

$

$

NDt

IST YEAR REQ' D

(NON-REmJRRING)

(RECURR ING/YE_q )

EQUIPMENT UTILIZATION:

FUNCTIOI;AL

FLOW BLOCK

Nin.IBER

MODIFIED AS IS X GFE

NUMB_'_u_AV._I IABLE

LOCATION NIB,_BER

REQUIRED REQUIRED

NASA Mission Control 7

TOTAL REQUIRED TOTAL COST $ -0-

\



Appendix F Facility Description Sheets



FACILITY DESCRIPTION SHEET

NAME TUG PROCESSING FACILITY LOCATION KSC

F_CTIONAL PURPOSE:

A central and integrated facility for implementing the required inspection, CO
, , • ,

eu_d M&R operations of the Tug and for Tug/SCmAting. The facility will provide

I

storage for a maximu_ of12 vehicles and_work space to permit _rocessin_ 2 vehicles

in parallel. Space will be provided for storage of required spares_ for a L0X clean

room and for administrative, Q.C., and engineering offices, as required. A class
l, i , | ,, , |,, ,=,, ,

100K clean environment will be maintained in all but office areas of the building.
, , , ,, |

FACILITY DESIGN: First floor

or KSC-MT-355

FLOOR DIM_S_7ONS FT. X

shop half TYPE
i

O&C BI_

FT. (AREA = I_60,000 I_ 2)

MAXIMUM CEILING HEIGHT 94 ,FT.

CLEANLINESS LEVEL REQUIRED i00,000 (Except office areas)

SECURITY REO.UIRED X YES NO
,,, , ,,

FACILITY CATEGORY-

FEW

FACILITY COST:

MODIFIED

SOO .000 (NON-RECURRING)

iSIS

(KE.CURRING/YFAR )

IST CALENDAR YEAR FACILITY REO.UIRED IS

TOTAL FACILITY COST IS $

°
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FACILITY DESCRIPTION S_E_
.,.j

NM_E DOD PAYLOAD PROCESSING FACILITY LOCATION KSC

FUNCTIONAL PURPOSE:

A facility to implement and maintain security for those operations required to

prepare DOD Space Craft for mating with Tug. The facility will Drovide a clas..__..ss

100K clean environment for all areas except that space required, for administration,

Q.C., and engineerin_ offices.
i ,=, i

FACILITY DESIGN:

FLOOR DI_._S!ONS I00

MINIMUM HOOK HEIGHT

CLEANLINESS LEVEL REOUIRED

SECURITY REQUIRED

FT. X 150 FT.

i00 _000 CLASS

x YES

TYPE FAB STEEL

(AREA = 15.,0.00. ._2)

NO
: i

FACILITY CATEGORY:

NEW X

FACILITY COST:

$ 500,0OO

$

MODIFIED

(NON-RECURR I3_G)

(RFC RINGn )

j

IST CALENDAR YEAR FACILITY RE0.UIRED IS

TOTAL FACILITY COST IS $,,
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FACILXT_DESCRIPTION SHEET
.,j

NAME PAYLOAD PROCESSING FACILITY LOCATION WTR

FUNCTIONAL PURPOSE:

A central and integrated facility for implementing the required inspection, CO

and M&R operations of the Tug add for Tug/SC mating. The facility will provide

work space to permit processing and/or stor_e for 2 vehicles. Space will be
u H , . . • ,, - -

provided for storage of required spares, for a LOX clean room and for administrative,
l , .L | | ,

Q.C., and engineering offices as required. A class lOOK clean environment will be
! . |, | , | , , Ill m

maintained in all but office areas of the building.
i _ |,., . .m ,,| . . , u i .

FACILITY DESIGN:

FLOOR 9IME_S!ONS 1_0 FT. X

_XIMUM CEILING HEIGHT 6_

CLEANLINESS LEVEL R_VIRED

SECURITY REO,UIRED

200 FT.

_To

,FA 

(AREA = 30,000 FT 2)

, I00,000 (EXCEPT OFFICE AKEAS)

X YES NO

FACIL_Y CATEGORY:

NEW X MODIFIED ASIS

FACILITY COST:

"tSO;O00

IST CALENDAR YEAR FACILITY REO.UIRED IS

TOTAL FACILITY COST IS $
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FACILITY DESCRIPTION SleET
.j

NAME SH_'_LE MAINTENANCE/C0 FACiLiTY LOCATION ESC

FUNCTIONAL PURPOSE:

The MCF will be modified/designed _ ._rovide Tug requirenents for floor space to
!

accommodate , I.F. verification and for a Control Center link.

•FACILITY DESIGN:

FLOOR DDIEI,:S!ONS

MAXIMUM CEILING HEIGHT

CLEANLINESS LEVEL RE0,UIRED

SECURITY REQUIRED

TYPE

FT. X FT. (AREA = FT 2)

_To

YES NO

FACILITY CATEGORY:

NEW

FACILITY COST:

MODIFIED X

$. 10,00o (NON-RECURRinG)

(R_CURRING/YEAR)

AS IS

IST CALENDAR YEAR FACILITY R_D.UIRED IS

TOTAL FACILITY COST IS $



FACILITY DESCRIPT$ON SHEET

NAME HADrI'_L_ICE/CO FAC1"r.r1_
i|i i i ii i i i , nn

,LOCATION WTR

FUNCTIONAL PURPOSE:

The MCF will be modXfted/destgned to provide Tug requirements for floor space to
,i i

accommodate, I.F. verification and for a Control Center link.
:l u : t • i i,, i |

....... , n
• , mnn | u | J

n I n II , ,n

_,, ,, I m,,u ,,,= ,,,, nil I n

nn mn II I i

FACILITY DESIGN:

FLO_B DIM_SZONS

C LIWS HZIG 

X (AREA=

CLEANLIBESS LEVEL REO.UIRED

SECURITY REQUIRED NO
i i| i

FACILITY CATEGORY:

NEW
i ,u

MODIFIED X
H

ASIS

FACILITY COST:

IU tUUU NOI_-HJ_CU_HJ_(_ l

(RECUP_ING/_ FAR)

IST CALENDAR YEAR FACILITY RDD.UIRED IS

TOTAL FACILITY COST IS $,



FACILITY DESCRIPTION S_E_

NAME LAUNCH SERVICE STRUCTURE (LAUNCH PAD) LOCATION KSC
i , i i

FUNCTIONAL PURPOSE:

The two Service Towers will be modified/desiRned to provide access to the Tu_ in

..the Shuttle payload ba_; Tug propellant load, dump, and vent capability; gas,

.pover, .ud e .cmunication syst_ns and sp.ace to store Tug peculiar GSE at point of

trine°
m

FACILITY DESIGN:

FLOOR DISCUSSIONS

TYPE

x FT. (AR, ,=
i,

_XIMUM CEILING HEIGHT
i

FTo

CLEANLINESS LEVEL REO_UIRED

SECURITY REQUIRED YES NO

FACILITY CATEGORY:

NEW MODIFIED X ASIS

FACILITY COST:

$__ 350,000 (NON-RECURRD_G)

$ (RF.CURRING/YEAR)

IST CALENDAR YEAR FACILITY REQ.UIRED IS

TOTAL FACILITY COST IS $

,j

°



FACILITY DESCRIPTION S}'_E_

NAME I_UMCH SERVICE STRUCTURE (LAUNCH PAD) LOCATION WTR
i

FUNCTIONAL PURPOSE:

The Service Towers will be modified/designed to provide access to the Tug in the
n i i n i i i

Shuttle payload bay; Tug propellant load, dump, and vent capability; gas, power,
...... i i ill ,

and c_munication syste_ and space to store Tug peculiar GSE at point of use.
| L I I I I | ,

FAC YLITY DESIGN:

FLOOR DIME_TS!ONS FT. X FT.
,i i J t

_L%XIMUM CEILING HEIGHT _o

CLEANLI_ESS LEVEL REO.UIRED

SECURITY REO.UIRED

TYPE

(AREA " .,. FT2)

, NO

FACILITY CATEGORY:

NEW MODIFIED X ASIS

FACILITY COST:

$_ 350.000 (HON-RECURR_IO)

$ (RE,CURRING/YEAR)

IST CALENDAR YEAR FACILITY REO,UIRED IS

TOTAL FACILITY COST IS $_



FACILITY DESCRIPTIONSPillEr

NA/_E LAUNCHCONTROLCENTER LOCATIONKSC

FUNCTIONAL PURPOSE:

The Launch Control Center shall be modified to provide a secure room for DOD

space craft.

, , i i , i

FACILITY DESIGN:

FLOOR D_MEETS_TONS

MAXIMUM CEILING IIEIGHT

CLEANLINESS LEVEL REO.UIRED

SECURI'IT REQUIRED

TITE
i

FTe

YES NO

,,.j

FACILITY CATEGORY:

NEW MODIFIED X ASIS

FACILITY COST:

$ lo,ooo

$

(NON-RECURRIIIG)

(RE.CURRING/YEAR)

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $

.J



e

FACILITY DESCRIPTION SHEET

NAME LA_CH CONTROL _ LOCATION WTR
i i • i ]i i ii •

FUNCTIONAL PURPOSE:

The _aunch Control Cente/ shal I be modified to provide a secure room for DOD

space craft.

• i im ,, , , ,, i i i ill | .i i . i i i ,H

_,| , I i i i i i li | i i

FACILITY DESIGN: TI?E

FLOOR DIMEM.S_TONS NT. X FT, (AREA - FT 2)
, J

_XIMUM CEILING HEIGHT

CLEANLI_ESS LEVEL REQ.UIRED

SECURITY RE_JIRED

_To

YES NO

FACILITY CATEGORY:

_ii , ii
MODIFIED ....X-.-- ASIS

FACILITY COST:

-O-
i

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $
i i , m



FACILITY DESCRIPTION SKEET

NAME SHUTTLE SAYING FACILITY L_CATION KSC
,| , - - - ,e,

FUNCTIONAL PURPOSE:

The SF will include provisions for Tug propellant storage and transfer and for
| - , --

Tug gas, power, and co_unication requirements.
u | i i ,wi, i

FACILITY DESIGN:

FLOOR DI%_S__ ONS

_XIMUM CEILING HEIGHT FT.

CLEARLI_ESS LEVEL REOUIRED

SECURITY REQUIRED YES
,ll

TYPE
,,,, ,,

FT. X FT. (AREA =

NO

|

FT

FACILITY CATEGORY:

NEW MODIFIED X ASIS

FACILITY COST:

-0- (HON-RECURRII C)

S
|

(_RINO/TEAR)

IST CALENDAR YEAR FACILITY REO.UIRED IS

TOTAL FACILITY COST IS $
, i

J



i
0

FACILITY DESCRIPTION SHE_

NAME _ 5AP_NG FACILITY
.. m i i i

LOCATION WTR

FUNCTIONAL PURPOSE:

The SF v111 include provisions for Tug propellant storage and transfer and for
i i i i Hi I | • ...... I I|

Tug. gas, pover, and ccmn_tutoatton requirements.
,i i m , e , i • i

FACILITY DESIGN:

FLOOR DIMF_S!ONS

_%XIMUM CEILING HEIGHT

CLEANLINESS LEVEL REQUIRED

SECURITY_ REQUIRED

_T. X FT.

FT°
ii|

• YES NO
i

FACILITY CATEGORY:

NEW MODIFIED X ASIS

FACILITY COST:

ii • . i

1ST CALENDAR YEAR FACILITY RE0.UIRED IS

TOTAL FACILITY COST IS $....



FACILITY DESCRIPTION SHEET

NAME STORAE_ PROPEI/ANT FACILITY LOCATION KSC
i iBm ] I

FUNCTIONAL PURPOSE:

The SPS will provide space for mobile GSE used in propellant storage and trans-

fer operations for Tug pod, separate tank or integral APS systems.

FACILITY DESIGN:

FLOOR DIMENSIONS _0

_%XIMUM CEILING HEIGHT 30

CLEANLI_ESS LEVEL REQUIRED

SECURITY REQUIRED

TYPE
ii ii

FT. X .,i00 FT. (AREA =5000

YES

l_To

NO
i|

i __

_FT2) ._)

FACILITY CATEGORY:

NEW
• n

MODIFIED x
mi_m.mmi_m_..ml

AS I8

FACILITY COST:

$ -o- (NON-RECURR II_G)

$
i .

(RE,CURRING/YEAR)

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $,,



FACILITY DESCRIPTIONSHEET

FURCTIO_tL PURPOSE:

,T_e,SPF will provide space for mobil9 c.qR u_d in Dro_ll.ut storage and transfer

oDer&tlons for _ ood, seDarat e .t,%nk or in.re era 1 APS systems., .....

ii i | i i llllll ii i I i ill I II i I , II 11 Ill Ill

• I ,,,,, ' I I 1 1 "' ' ' m

1 111 ,, , 1 1 I I I I

FACILITY DESIGN:

FLOOR DIMENSIONS _0

_XIMUM CEILING HEIGHT 30
i

CLEANLINESS LEVEL R_UIRED

SECURITY REQUIRED

i |,, ,,

| ii i

FT. X 1,00 FT. (AREA = FT 2)

PT.

YES HO

FACILITY CATEGORY:

NEW

FACILITY COST:

MODIFIED x AS IS
i ii IL

r N__ _TD_ TTI_.
• 11¥11-- i|,i,,IVVili1*il_,,i •

(RE.CURRING/YEAR )

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $



FACILITY DESCR'fPTTON SHE_._

N._4'E VERTICAL J_._EM_Y N.rD._DTG LOCATION
i _lJ i |l i , , ,l_ i ii , | _ I

FUNCTIONAL PURPOSE:

The VAB will be modified as required to integrate and install GSE

peculiar to Tug requtremen_s for monitoring storable propellants.

,'L

FACILITY DESIGN:

FLOOR DDf_S!ONS _T. X

)_XIEu_ CEILING HEIGHT
|.,

CLEANLINESS LEVEL REQUIRED

SECURITY REQUIRED

FTe

i

YES
i

NO
,i

FT2)

FACILITY CATEGORY:

NEW
|

MODIFIED X ASIS

FACILITY COST:

ii

(NON-RECURR IT_G)

(RECURRING/YEAR)

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $.....

J

• '



FAOILI_ DESCRIPTION SF_E_

NAME VERTICAL ASSm_BLY BUILDING LOCATION, WTR

FUNCTIONAL PURPOSE:

,The VAB ,.will be designed as reouired to integrate and install GSE _ecu!,iar

to _ requirements for monitoring storable propellants. ,,

FACILITY DESIGN:

FLOOR DD_.S_7ONS

TYPE
,i

_T. X FT. (AREA= FTs)
in i

MAXIMUM CEILING HEIGHT

CLEANLINESS LEVEL REQUIRED

SECURITY REQUIRED

_To

I

|i i ,m| ,

YES NO

FACILITY CATEGORY:

NEW MODIFIED X ASIS

FACILITY COST:

m,w _ ww.w
(NON-REO_mR_G)

(RE.CURRING/YEAR)

IST CALENDAR YEAR FACILITY RE0.UIRED IS

TOTAL FACILITY COST IS $.



FACILITY DESCRIPTIONSHEE_

NAMEHIGHV_A..C_JM,.TEST FACILITY (_57)

FUNCTIONAL PURPOSE:

Conduct thermal testing.
p,, ,L , | , | ,

P

Im , i W__ ,

, LOCATION Huntsville, .A!a

FACILITY DESIGN:

FLOOR DD_!SIONS _T. X

_%XIMUM CEILING HEIGHT
t IB , I

CLEANLI_ESS LEVEL REQUIRED

SECURITY REQUIRED

L

FT.

YES NO
t t H i

PT2)

FACILITY CATEGORY:

NEW MODIFI_

FACILITY COST:

NASA -O-

S 259 000

AS_S

IST CALENDAR YEAR FACILITY REQUIRED IS

TOTAL FACILITY COST IS $

j



FACILITY DESCRIPTION SF_ET

• °

NAME AEROSPACE ENVIRO_AL CHAMBER (MARK I)
lu

LOCATION AEDC, TULLAHOMA, _.
i |

FUNCTIONAL PURPOSE:

Conduct PTV tests.

FACILITY DESIGN:

FLO_R DIMENSIONS PT. X

_XIMUM CEILING HEIGHT FT.

CLEANLII_ESS LEVEL REO,UIRED

SECURITY REQUIRED YES

FT.

NO

FT_)

FACILITY CATEGORY:

NEW
-- -- | i

MODIFIED AS I8

FACILITY COST:

SASA $I,250,000
_oD S -_

IST CALENDAR YEAR FACILITY REO.UIRED IS

TOTAL FACILITY COST IS $_



12.0 Tradeoffs and Sensitivities

This section contains specific tradeoffs and sensitivities as specified in the

Data Dump Outline. Also included are additional data in section 12.7, "Other

Sensitivities" which provide further information in selected trade studies.



12.1 Velocity Package Sizin_

Because of their high energy requirements, only the planetary missions are

candidates for using a large kick stage. The requirements for these missions

are shown in Table 12.1-1. Only mlsstions 17 and 18 can be flown in a fully

reusable mode. The other missions, 19 through 2h, would require either flying

the Tug in an expendable mode or, if possible, flying the Tug reusable with an

expendable kick stage.

.j

A schematic mission profile using a kick stage is shown in Figure 12.1-1. The

Tug burns into an initial phasing orbit ,_ and then slightly before perigee

does a second burn into an intermediate orbit,_ The use of a phasing orbit

is two-fold. It not only allows for minor timing adjustments, it affects a two

burn departure which significantly reduces gravitational losses. Shortly after

this burn the Tug separates from the kick stage-payload, O. The Tug then retros

into a return orbit with a perigee near Shuttle rendezvous altitude,Q° This is

necessary on all missions, even though in some cases the Tug has not reached

escape velocity, because the period of the orbit without retro exceeds Tug

mission duration capability. After deployment from the Tug, once sufficient

separation has been achieved the kick stage is fired,_ sending the payload

into an interplanetary solar orbit.

Using this mission profile the performance of theTug/kick stage combination,

over a range of kick stage sizes was determined. The Tug was flown off loaded,

such that the combined weight of the Tug-kick stage-payload did not exceed the

Shuttle deployment capability (including ancillary Tug equipment left in the

Shuttle). The kick stage performance was based on Isp and _'valves consistent

with current state of the art solid rocket motor stages. This performance is

shown on Figure 12.1-2 for the missions of interest. By comparing the perfor-

mance with the current design payload weights shown in the previous table, it

can he seen that missions 22 and 2h are unobtainable over the entire range of

kick stage weights. The other missions are achievable over the range of sizes,

except for a small portion of mission 23.

/2-2.
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Because of the strong emphasis on low costs, especially DDT&E, there was high"

moti_tion to find an existing stage _rAthin this _size class. Performance alone

ns not the criteria for selection and other constraints had to be applied.

These were stage length and thrust/time characteristics of the motor. The

combined length of the Tug-kickstage-payload could not exceed 60 feet and

peak longitudinal accelerations could not exceed 3.5 g's.

The only existing stage that came close to satisfying all the requirements was

the Polaris A3 second stage. Its performance was adequate, it satisfied the

length constraints and required only minor modifications to meet the thrust

limitations.

j

/2-&



12.2 Expendable TuR vs. Tu_ to Tu_ On-Orbit Assembly

The basic Option 1 program involves expending 8 Tugs in the performance of 8

interplanetary missions (NASA 22 and 2_). Consideration of using two Tu6s

to provide sufficient energy to perform the missions was made. With the Option 1

vehicle significant modifications to the vehicle are required since it is limited

in duration, has no docking capability and has no inter-stage structure. Table

12.2-1 shows the comparison of the cost impact of adding these capabilities

and the impact on the total program costs•

From the data presented in the Table it was concluded that the expendable mode

was more cost effective.
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12.3 Multiple DeDloyment Analysis

12.3.1 Mission Accomplishment Impact

A major advantage of the STS system over current expendable systems is the

capability of deploying several payloads in different orbital positions. In

the Option 1 mission model, the positional requirements of all synchronous

equatorial orbit payloads were the same alloying them to be combined and con-

sidered as a single p_yload. Even with this assumption, the number of flights

would increase by 15 flights if multi-deployment capability were eliminated.

This is a result of multi-deployment on low altitude NASA missions. Note the

15 flights cost on the order of $165 millions in operations (Shuttle and Tug).



12.3.2 Mu.11_ple Pe_loa4 Delivery Optlo--,

Figure 12.3.2-1 81_8_izem seven-el mull;ipewloa_ 8ulsport concepts. This

_l_L_ISOn WaS done at the conceptual level only is the definition of pa_-

support was not included in the Space Tug Systems £tud_.

5_e minimm adaptor 8tl_cture was defined for the Tandem sta_k concept. This

_ameert has the SteePest impact on p_710ad struc_re because the lower

psVload8 nnast support the cantilevered loads of the forvsrd p_loads.

The second option, perallel paTloads, minimizes the payload structural

_pa_ts but severely nonstx_Lu8 _he ps_loed diemeters.

The third option _Tossly complicates the TuK/Shnttle interface by creating

• Shnttle/p_load interface.

The final option, vhieh is the preferred option, utilizes a retractable

(eollapsible) suppoFt trwss. After the forward l_710aa is deployed, the

square frame portion of the support truss i8 expanded (enlsrged) and the

f_me is folded back 8Kainst the suceeedlnK frame, exposing the next payload

for deployment. This is repeated 8Tter each deployment. A detailed description

of & similar mechanim- used to enlarge the square frune is given in Volume V

Section _.3 in & discussion Of an 8utomatic variable d_ameter docking sTstem.

The IXE&E for this system is estimated to be at least equal to that of the

T_ dockinK 8ysten or approxiuu_tel_ $_ million.

/ 3 -I0
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12.4 Grouncl/Onboa_d,_A_Ato_o_ Sensitivities

Program Variation Identification and Sensitivity Summary

The Tug defined for Option 1 provides the capabilities associated with autonomy

level IV which is the lowest autonomy level defined for the Tug program. This

analysis addresses the sensitivity to increasing autonomy levels. The various

autonomy levels are defined as follows:

AUTONOMY LEVEL IV

o All phases are controlled frca the ground.

A portion of the mission control/sequencing is under ground control.

Powered flight, contingencies and non-ground coverage control/sequencing

will still be implemented on board. The ground basically has extensive

on board program load/updating capability.

o Calculations are perform, ed primarily on the ground (such as main burn and

mideourse -duration and direction).

All calculations that can feasibly be performed on the ground have

been removed from the on board software. The ground is responsible

for vehicle attitude update (utilizing on board star tracker measure-

ments), targeting to determine AV required/burn time, tug position/

velocity update during coast and possibly some redundancy management

during coast.

o Ground will control final rendezvous and docking.

The acquisition guidance, closure guidance, and docking guidance will

be performed under ground control. Laser radar data (if applicable)

will be filtered on board.

NOTE: There is a potential problem transmitting TV data on DOD

missions due to the security requirement.

o Co_and and Telemetry Capability

The ground (or Orbiter) will have the capability of transmitting

real time hardwire uplink con_nands. This capability will be relatively

constant for all autonomy levels since it is almost independent of

flight software. All vehicles will transmit TM data.

In addition the capability for ground update of on board application

programs will also not be a function of autonomy level, but the need



(or requirement) for such an update will be a function of autonon_.

level.

AUTONOMY LEVEL IlI

o Ground stations provide state update during entire mission.

The ground stations will determine vehicle position/velocity and

update the flight software. The vehicle attitude update is handled

on board.

o Onboard calculations are performed for mission completion.

All mission control/sequencing required to complete the nominal

mission i8 resident in the on board software. The ground will have

override capability via the uplink. In addition, the targeting

function i8 carried on board. Targeting i8 the capability of updating

the AV/burn time based on a predetermined mission.

o Final rendezvous is made by on board capability.

The target acquisition and closure guidance are performed on board.

Radar data processing is performed on board.

o Final docking with ground support.

The docking guidance is provided by the ground,

o Co,and and telemetry capability.

Same as auton_y Level IV.

AUfOSOMY _ IX

o Ground or navigation satellite beacons (either must serve multiple users)

are acceptable.

o Level i autonom_v will be required for those orbits where ground or

satellite beacons do not provide satisfactory state determination.

o Final on board rendezvous and docking capability.

Same as Level I

o _o_nand uplink override capability including payload status, redirection,

and retargeting of mission with telemetry down link.

Mission planning capability is added to the on board software. The



mission planning software will accept new target ephemerous/mission

definition and determine a mission plan (i.e., number of burns, AV's,

time, location, etc. ).

AUTONOMY LEVEL I

o Completely independent of any man made inputs after separation.

All nominal mission control/sequencing is performed on board. The

vehicle is capable of sutonomous state (Pos/Vel/Att) update independent

of any ground navigation aids. All capabilities in Level III are

also included in Level I.

o On board measurements and calculations enable missions to be completed

in its entirety including all Tug and payload operations.

Payload checkout/commanding is accomplished with vehicle software

independent of required ground control although ground override capa-

bility can be provided. This requirement adds payload uplink/downlink

TM equipment to the Tug.

o Final onboard rendezvous and docking capability

All phases of rendezvous guidance are controlled via the on board

software. All sensor data is processed on board.

o Command uplink override capability and telemetry down link.

Same as other levels.

The sensitivities to the various autonomy levels are shown in Table 12.4-1.

Autonomy Level III results in a $15.64 million reduction in program cost with no impact

on vehicle performance. Other autonomy levels result in increased cost and

decreased performance. A cost breakdown is summarized in Table 12.4-2. The

savings in program cost for Level III autonomy results from the decrease in

flight operations cost.
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Assumptions/Ground Rules

As a minimum all autonomy levels require onboard redundancy management during

powered flight. Since the reaction time required to switch redundant units

during coast periods is less critical, redundancy management function peculiar

to this phase could possibly be ground controlled.

For the higher autono_ levels (II & I), automatic payload checkout capability

is added to the Tug Data Management subsystem since the vehicle may be out of

contact with the ground during p_yload deployment.

The command override via the uplink will Be implemented by one of the following

methods; real time hardwire commands, real time software commands, program update,

and new program load. The real time hardwire ccmnands Bypass the onboard computer

and control the component directly. These commands are safety in nature and can

be transmitted, from the ground or Orbiter. The sender must account for the action

of the onboard software during these situations. The real time software co, ands

are executed via the onboard software. The capability of transmitting these

commands has therefore been pre-planned during the writing of the onboard software.

Commands that update the onboard software are similar to real time hardwire

commands since they require pre-planned logic, but they affect subsequent program

logic. These con,ands could load data required by the program, update existing

data, control program mode, set flags, store program commands, etc. The require-

ment for providing the capability of an orbit program modification is questionable

along with the implementation, so it will not be elaborated on here. The capability

of loading a new program could possibly Be restricted to checkout programs limited

to a portion of the memory or to a complete onBoard software load as the ultimate.

_ne real time hardwire connnand override cap_oiiity as defined herein i, ,_ot

considered to be a function of autonomy level since its function is safing and

reinitialization of the tug and this function is independent of autonomy level.

The requirement for real time softvare commands is analogous to the hardvire

comnands and are also not a function of auton_y level.



The requirements for program update data is a function of autonomy level although

the capability of providing it is not. The requirement for ground update are

reflected as changes in the application program estimates.

Program modification/load co...ands are not considered a function of autonomy

even though they infer a level of ground support.

During powered flight the guidance (steering), flight control, state (attitude/

position/velocity) determination, and subsystem control/redundancy management will

be performed onboard. It is not considered feasible to perform these functions

on the ground.

Configuration Variations

o Structures - no impact

o Propulsion - no impact

o Avionics

Data Management Subsystem

Table 12.4-3 summarizes the software requirements for the various autonomy levels.

The baseline system uses a single 16 bit control computer with words of

storage. Increasing the autonomy to level llI requires an additional 6125 words

of storage. This capability can be achieved by adding an additional 8K storage

module to the baseline computer since the computer speed is adequate for the

increased computation.

In addition to the software changes shown in Table i-2.4-3 , 3000 words of storage

are required for payload checkout in autonomy levels I and If.

For autonomy levels II and I an additional 16 bit computer and Data Interface

Unit (DIU) is required to handle the increased computations. The resultant

sensitivities are summarized below.

Autonomy Level
III II I

D_ (MS) 2,10_. _.5_ 3.30

Weight (Eb) 2.0 20 20

Power (Watts) Neg 78 78

--/8
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Guidance Navigation and Control (GNC) Subsystem

A change in autonomy from IV to llI has no impact on the GNC. Increasing

autonomy to level I or II requires the addition of a horizon • sensor to perform

the autonomous navigation function. Because of the more frequent stellar updates

required for the autonomous navigation, a gimballed star tracker is recommended

for autonomy levels I & II. The sensitivities are summarized below:

DDT&E WEIGHT POWER

END ITEM (_$) (LB) (WATTS)

Horizon Sensor 2.54 I0 17

Gimballed 2.02 60 60
Star Tracker

4.56 70 77

Communication Subsystem

Autonomy levels I and II require additional communication equipment for payload

checkout. This capability is provided by both hardwire and an RF link to the

payload. The latter capability is requested to checkout portions of the payload

equipment which can not be accomplished while the payload is attached to the Tug.

A summary of the co_nunication subsystem impacts are summarized below. There

is no communication sensitivities associated with autonomy level llI.

DDT&E WEIGHT POWER

END ITEM (_$) (LB) (WATTS)

Payload Interro- 4,79 37 22
gator

Power Subsy,stem

The increase of 170 watts for the higher autonomy levels (I & II) will require

the use of 3-650 amp hour batteries having a total weight of 534 lb. This

represents a 104 ib increase over the baseline system which utilizes 2-775 amp

hour batteries totaling 430 lb. Since both are existing Agena designs, there



is no significant impact on DDT&E cost. Recurring cost is also identical for

the two cases, i.e., 2-775 amp hour = 35,000

3-650 _mp hour = 34,911

There is no impact for autonomy level III.

Weights and Performance

The increase in vehicle weight and decrease in p_71oad deployment associated with

autonomy levels I and II is sunmarized below. There is no significant weight

penalty aSsociated with autonomy level III.

Vehicle Weight
Subsystem End Item Increase (Lb)

DM8 Computer 16

DMS DIU

GNC Horizon Sensor 17

GNC Gtmballed Star Tracker 60

COMM Payload Interrogation 37

Equipment

Deployment Weight

Decrease (Lb)

43.2

10.8

45.9

162.0

99.9

PWR Battery lO4

238.

280.8

6_2.6

-2-I



Operations Variations

Ground Operations

An increase to Autonomy Level III results in a requirement for adaitional

GSE software to checkout the Data Management Subsystem. There are no

hardware impacts. For the higher autonomy levels (I and II) additional

hardware is required to checkout the horizon sensors used for autonomy

navigation. In all cases, the change in ground operations cost is negli-

gible.

All system testing is accomplished via the Data Management system. The computer

time to test the additional hardware is negligible and has little or no impact

on launch operations. Our system and subsystem testing are go/no-go type tests.

The launch operations are sized to handle the Tug/Orbiter functions in the

time allocated for that function drive the number of personnel required at

the launch site. The higher autonomy has little or no impact on launch

operations since the launch personnel is available at the launch site. The

autonomy cost sensitivities are summarized below.

AUTONOMY LEVEL

III II I

(MS)

SOFTWARE O.71 2.]2 I.28

HARDWARE O. 0 0.22 0.22

OPERAT IONS Neg Neg Neg

0.71 2.34 i. 5O

Flight Operations

Flight operations costs were determined for each of the four autonomy levels

ranging from I to IV. As shown in Table 12.h-5 , the autonomy levels are

arranged in increasing order of autonomy going from IV to II. The autonomy

level II was considered the most autonomous of the four levels investigated.

The flight operations costs were divided in accordance with the WBS Breakdown

into recurring costs (Operations Cost 32C) and non recurring costs (DDT&E

Cost 32A) for each of the four flight operations tasks of Mission Planning

(WBS 320-II/12-CI), Flight Control (WBS 320-11/12-02), Flight Evaluation

1.7- 2Z



(WBS 320-11/12-03), and Flight Support Software (320-Ii/12-0_).

An additional item extracted from the WBS Breakdown and called "unused time"

is also shown in 12._-5. This item indicates the cost for unused manhours

resulting from keeping a full mission control crew at both a NASA and & DOD

mission control center. These unused manhours decrease with increasing

matono_ level becanse a smaller crew is required for higher autonomous

vehicles.

As can be seen from the cost data of Table 12.4-5, 3, the more autonomous the

vehicle is the higher the non recurring (DDT&E) costs. Also, it is shown that

for the higher auton_nous vehicles, the reucrriD_ (Operations) costs decrease.

The delta (d) costs shown in Table I were determined using the present Option I

vehicle autonomy lewel of IV as a reference. Autonomy Level III gave the

highest Flight Operations costs sa_rlngs of 17.9 million dollars.
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12.5 Onboard/Shuttle Checkout Tradeoffs

The issue to be discussed in this section is the distribution of checkout

Tunctions between the Tug/Shuttle when the T_ is in the payload bay. It is

currently envisioned that the Tug will be partially operational during the

boost phase. The DMS will be performing the initial navigation calculation

as well as monitoring subsystem statua. Telemetry data will be accessed by

the DMS and transmitted to the Shuttle.

The navigation optical sensors, rendezvous/docking sensors, communication

transponders, and power sources will not be active during boost.

The vehicle control software will contain the fault detection/isolation

logic required to manage the subsystem redundancies, therefore the portion

of the Tug that is operational will be checked out in the normal process of

control. As an example the DMB computer will be periodically executing

computer diagnostics as part of its normal control cycle. Prior to leaving

the payload bay a subset of the following checkout functions could conceivably

be performed,

1) Checkout of the non-active Tug LRU's (i.e., star tracker,

transponders, ere' )

2) LRU level fault isolation. This level of fault isolation

is not always required during the mission.

The checkout of the non-active LRU's could be accomplished by executing

Shuttle resident checkout programs, normal Tug control software, or Tug resi-

dent checkout programs.

The following genera! Tug/Shuttle operating concepts are recommended:

i) Tug checkout will be accomplished by executin_ the

normal Tug control software,

2) The Tug control software will perform fault detection but

will normally only isolate to the level at which the

redundant elements can be switched.



(NOTE: In some cases it may prove advantageous to isolate to

a lower level in order to increase theconfidence level of

isolating a failure or to simplify the software required..)

3) The results of the Tug software fault detection/isolation

algorithms will be transmitted on the downlink.

4) Subsystem performance data will also be transmitted on

the downlink.

5) The Shuttle will have access tothe Tug TM data and can

evaluate the Tug performance based on both a software and

operation interrogation of this data

6) The Shuttle can exercise the normal uplink control over

the Tug software.

7) Checkout routine other than those required for subsystem

control will be carried in the Shuttle and executed via

the proposed I MH Shuttle/Tu_ interface. This interface
Z

would provide the Shuttle with parallel access to the Tug

comand/control busses and therefore must be closely

controlled. The need for this level of checkout is still

somewhat undefined at this time and needs further investiga-

tion. This capability is a candidate for phasing.

In summary it would appear that the majority, if not all Of the required

Tug checkout software will be incorporated in the normal control software
/

and that the Shuttle will primarily monitor the Tug operation and exercise

upllnk control.



12.6 Du_,pVersus Land Full Abort

This trade study will address the features, characteristics, benefits, and

liabilities of the major choices to dump any or all of Tug cryogens versus

the choice to dump no Tug cryogens and to design the Tug to contain the

cryogens through a normal landing. The key basis of comparison will be the

p_71oad weight penalty, including the fractional weight reduction iv, pact on

payload capability from added Orbiter weight on either a geo-synchronous

deplo)nuent mission or on a round-trip mission. The payload weight penalties

will be assessed against a hypothetical Tug design lacking any abort pro-

visions. The weight differentuals or "deltas" will then be available to com-

pare these options. The suborbital abort mode III is used as reference for

this study due to the greater timeconstraints and greater significance in

terms of design impacts. Thus, a Tug designed to meet Suborbital Mode III

abort constraints will meet all abort conditions, if the porting provisions

for orbital thrust-settled cryogen release are also provided.

The weightcomparison resulting from this study and some key conclusions and

recommendations are shown in Table 12.6-1. The compelling conclusions which

lead to the selection of IX)2 dumping only are a payload weight reduction

penalty of 1,526 Ib for land full, 449 ib for sequential dump of LO 2 and LH 2,

and 414 ib for simultaneous dumping of IX)2 and LH2_

In addition, the land full option, although is the most" simple in terms of

flight operationsj (i) imposes an unacceptable CG incompatibility for stable

aerodynamic flight and landing, (2) imposes serious safety questions during

return flight, landing and post-landing operations, and a major landing

abnormality or impact could seriously threaten the structural integrity and

result in FI_Ind safety hazards with both LH 2 and LO 2 on board.
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The return of LH 2 alone in a pressure-vent-limited tank is considered an

acceptable ground safety risk for normal lan41ng and the landing weight is

very low with LH 2 on board. The Orbiter would be heavier by _3,000 lb or more

for a land-full condition. Moderately high landing g-forces or minor impacts

would not necessari_y threaten Tug structural integrity nor ground crew safety.

The remaining risks of LH 2 return are balanced against the probability of a

suborbital abort versus the larger possibility of an orbital abort, for which

LH 2 dumping either with or without Helium purging is planned. The final

argument is that containment of LH 2 at reduced pressure (18 psia or less) is an

_nherently simpler and safer mode of operation then the more complex and con-

strained mode of LH 2 dumping below 400,000 ft in a fast return to launch site.

Option i - Dump LO 2 Only and Retain All of LH 2
i

This is the selected mode of operation, and is described in detail in Volume 5,

Sections 5.2.4. 5 and 5.4. The time available for LO 2 dump is much greater than

required and can be initiated at any time after the abort decision is made.

Thus, the least time available is from T+251 to landing at T+I,241, less 60 scc

during MECO and ET _ettlsono or 930 sec. The benefits of early dumping in terms

of h3,000 Ib of potential weight reduction and the resulting increase of Shuttle

AV were discussed in Section 6.6._. A AV increase of 1.7% in an early abort

(T+IIS) or O.h% in a late abort (T+251) are appreciable in terms of propor-

tionaily extending the u, blt tv v, bi% t,_--_'st_gin. !t is also nece_sarc_" to

dump at least 20% of the LO 2 before external tank JettY'son and return to aero-

dynamic flight, due to CG constraints. Therefore, LO 2 dumping should be .//

initiated immediately after an abort decision is made. J/J

/

/

Option 2 - Land Full - No Cryogen Dumping

The primary factors for and against a land-full option were summarized above,

and the additional weight data is provided in Figure 12.6-2 in support



of the summary chart, Table 12.6-l, above. The weight impacts are chiefly

the result of "beefing up" the Tug tank and supporting Tug structure, with

additional weight for horizontal fill and drain provisions for the LO 2 tank.

The CO incompatibility for return flight and landing is a compelling factor

against a land-full option. A heavy payload or off-loading of the LO2 tank

would be necessary to restore compatibility, but this would prevent accomplish-

ment of the round-trip and retrieval missions, and is therefore unacce_table.

12.-
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Option 3 - Dump Both L02 and LH2."

Two sub-options for L0 2 and LH2 dumping in a suborbital abort were identified

and discussed briefly in Volume 5, Section 2.4._ with respect to the LH2 cryogen

handling options listed in Table _2.6-i. These are Option 3A - Sequential

Dumping of LO2 and LH2 and Option 3B - Simultaneous Dumping of LO2 and LH2 .

The sequential dump option is the more difficult and the required analytic data

also provides for the simultaneous dump option. Both options will be discussed

and conclusions will be drawn for comparison. The payload weight penalties will

be developed and s_arized with the Dump LO2 only and the Land Full options.

• !

Optio.n 3A , Sequential Dumping of L02 and

Sequential dumping of both LO 2 and LH2 is most severely constrained by the time

available from the late abort decision (T+251) to 30 seconds prior to Main Engine

Cut off (MECO) and from 30 seconds after MECO until IIOK ft altitude is reachcd,

where LH2 dump termination is mandatory. This most constrained case will be

addressed to produce the abort hardware requirement for all Tug designs. The

abort trajectory which applies to the late Mode III abort case is shown in

Figure 12.6-1. The pertinent data is listed in Table 12.6-2.

Table 12.6-2

MISSION ABORT DATA

Mode III Abort - Suborbital

Easterly Mission with 65K ib total for Tug/Payload

Late Abort Decision

All events occur below _OOK ft in sensible atmosphere

Abort Start : T_251

Dump Initiation: T+251

Dump Termination: T+530.9
/

Available Dump Time: 279.9 seconds (main engine operating)

_iBO, ET Jettison: T+560.9

Dump Initiation: T+590.9

L_ Dump Termination (IIOK ft): T+726 or earlier

Flight Altitude of 50K ft: T+986 i-

Landing: T+I2_I

Available Dump Time _135 seconds for LH2 during glide

Available Dump Time: 650 seconds for L02 or 515 seconds after LH 2

Dtump Termination

12-5Z-
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Applying these time constraints to the data in Figures 6.12-2, -3, and -4, the

dump line size requirements are derived and listed in Table 6.12.6-3.

Table 12.6-3

DUMP-LINE SIZE REQUIREMENTS

Time

T_uE Option _

135 See

280 See

1 5.h Inch _.7 Inch

2 5.9 5.0
3I 5.h 4.7

3F 5.6 _.9

1 3.9 3.4

2 4.3 3.7

3I 3.9 3.h

3F h.O 3.5

515 See

650 Bee

1 3.0 2.6

2: 3,3 2.8

31 3.0 2.6

3F 3.1 2.7

1 2.7 2.4
2 3.0 2.5

31 2.7 2.4

3F 2.8 2.5

Liquid oxygen can be dumped for a longer time than LH2, essentially down almost

to landing, and a 3.0-inch line spans all Tug options. Assume a 3-inch L02

abort line is selected:

Tug O_tign Tim____e

i00% Dump (L02)

i 505 Seconds

2 635

3I 505

3F 530

From the late Mode III abort trajectory, the duration of Main Engine operation

is 280 seconds. With a 3-inch LO2 dump line, we can dump 280/635 = 44.1% of L02.

NOTE: Unporting need not occur to 50% of L02 dump, depending on

/2-m4
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The glide period of 135 seconds would allow

i__ = 11.7% for 2-inch,
1150

_35 = 31.0% for 3-inch,

135 = 58.7% for L-inch, and
230

135 = 100% for 5-1nch llne sizes
135

Therefore, the following composite of LH2 dump is obtained:

Line Size Thrust Period Glide Period Total

2-inch 13.3% 11.7% 25.0%

3 35.2% 31.0% 66.2%

66.5% 58.7% 125.2%

5 >lOO% lOO% 200%

The proper size for 100% dumping is less than 4-inch for the LH2 abort dump lin_.

Following the smne side port location analysis as for L02, if 41.3% of LH2 is

dumped during engine thrust through a 4-inch line, the remaining 58.7% can be

dumped d1_jng glide to IIOK ft.

The abort dumping time-line sequence then is as follows:

Abort Start: T+251

LO2 Dmnp Start: T+251

L02 Dump Terminate: T+378 (20%)

LH2 Dump Start: T+379

LH2 Term: T+530.9 (41.3%)

LH2 Dunp Start: T+590.9

LH2 Dump Term: T+726 (100%)

LO2 Dump Start: T+727

L02 Dump Term: T+1235 (100%)

Landing: T+I2_I

This abort profile is shown on Figure 12.6-6 for the worst-case condition --

late Mode IYT _bort ,_ T+25!vith 50,800 Ib of _yogens for a normal round-tri_

mission.
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An early mode III abort at T+II6 would permit 135 seconds _:ore of initial L02

dumping, to a limit of hh.l% of L02 dumped. There is a f,mily of options in

this case within the design window defined by dashed lines on Figure 6.12.6-6,

from 20% to h_.l% of initial L02 dump, followed by alternative d_mping of LH2,

followed by L02 until MEC0 - 30 sec; then depletion of LH 2 well above the IIOK _c

altitude, and finally L02 depletion at about T+II00 sec.

Conclusion5

Two designs for sequential dumping of both LO2 (normal) and L_I2 (optional) have

bccn determin..:d. Operational profiles for each have been defined to u.'.etthe

eonz;traints of CG compatibility, altitude, available time, cnd selected line

size.

Option 3a - For LH 2 dtmlping only during glide return, preceded by up to I_0%

of LO2 dump (,ridfollowed by L% depletion; a 5-inch LI_ line vould be provided

in the L_2 tank side location. A 3-inch L02 line would also be provided in

the L02 tank side location.

Option 3a- For minimum LH2 dump line sizing, LII2 d_mping (41.35) would precede

MECO - 30 seconds, and LH2 depletion would follow h_CO + 30 seconds down to

IIOK ft altitude. This requires a _-inch LH 2 line, and the 3-inch LO 2 line

permits a 20% LO 2 dump before the pre-MECO dump. It alloys LO2 depletion

subsequent to I_{2 depletion, ending at 25K ft altitude or higher.

O_sJn 3b - A Simultaneous L02___LH 2 _pin_

While simultaneous dumping of both LO2 and LH 2 have _not been discussed in deta_l,

it obviously is less constraining upon line size. Simultaneous dump operations

can be inferred from the least time available on a late Mode III abort, which

....is5qO.9 - 251 = 279.9 seconds ---2r_-_,,_t'_"__ _n s_,_) __.=nd7_,__- 590.9... = 135.1

seconds post-(_ECO + 30 see). Thus h15 seconds are available for LH 2 dumping,

which requires a 3.07-inch llne dl-meter for depletion. The noirinal 3-inch

LO2 line will provide up to 4h.1% L02 dump prior to MEC0 - 30 sec and adequately

provides CG compatibility before MECO.

A key constraint is imposed on simultaneous dumping by the presence of sensible

atmosphere below a hOOK ft altitude. The _b,,,o_p,-_e produces a "wake" cffect

12"#/



that may draw releo.sod cryoEens back into the engine _%nd boat-tail region

and _:_,,ythus produce _ potential hazard as greater atmospheric pressure dcvc].ops

and ignition sources or static discharge may be present. Adequate separation

of L% aud LH2 abort line exits and injection of dumped cryogens well into the

"slip-<,tream" should minimize this potential hazard down to llOK ft altitude,



6.12.7 Other Sensitivities

OPTION #i

Mission Duration Trade Stud_

Flight Operations Costs

Flight operations costs have been determined for the Option 1 Tug Configura-

tion for missions with flight durations ranging from 36 to 144 hours. These

flight operationscosts were broken down in accordance with the WBS Diction-

ary for DDT&E (32A) and Operations (32C).

The flight operations costs shown in Table IB indicate a small increase in

DDT&E cost of approximately 6% for an additional 36 hours of mission dura-

tton. This 6% increase represents a 0.166% increase per hour of mission

duration. The addition in Operations Costs for an increase in mission

duration of 36 hours is approximately 8%. On a per hour basis this increase

is 0.22% per hour of mission duration. This increase in Operations Costs

is not linear due to the fact that additional flight operations personnel

must be added if the mission duration exceeds 72 hours. Therefore, going

from a mission duration of 36 hours to 144 hours causes a 53.5% increase in

operations costs. This 53.5% increase is equivalent to an 0.50% increase per

hour of mission duration.
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Cryogenic versus Storable ACPS Ground Operations

A study was performed to determine the ground operations program effects

resulting from utilizing a cryogenic ACPS impact areas investigated are as

follows :

(i)

(2)

(3)

Maintenance and Refurbishment

Ground Support Equipment

Ground Operations Crew Size

Ground Turnaround Time (M_y or may not impact fleet size)

The study verified an operations cost reduction could be realized on Option i by

using the cryogenic ACPS rather than the baselined storable monopropellant system.

However, the net Tug program effect amounted to an overall increase of $24,000.000

in total program costs should this revision in the Option i vehicle attitude

control system be implemented.

(I) Maintenance and Refurbishment

Table I s_mmarizes the ACPS schedu/ed refurbishment characteristics and costs

for both monopropellant and cryogenic ACPS. Reviewing the planned flight

schedule for Option i, ten (i0) vehicles accomplish a total of two hundred

and twenty-five flights (22.5 flights/vehicle). Therefore, using the mono-

propellant ACPS, a total of ten (i0) scheduled ACPS refurbishments would be

required, costing a total of $95,000. Using the cryogenic ACPS, a total of

zero (0) scheduled ACPS refurbishments would be required.

(2) Ground Support Equipment

The following list details the changes in the GSE which would result from

incorporating cryogenic ACPS in the Option i configuration.

i i
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ITEM NO. TITLE PROGRAM COST DELTA

112 APS Loading Accessory Kit - 7,000

113 Propellant Servicer - 5,000

139 Gas Sampling Equipment - 900

152 Personnel Protection Equipment - 32,000

153 Portable Test Set - 160,000

117 Checkout Kit - 6,000

191 Workstand Kit - 2_,000

Total -- $ 23_ ,900

(3) Ground Operations Crew Size

The incorporation of a cryogenic ACPS in the Option 1 configuration has two impacts

associated with ground crew requirements. First, the ground crew size required

during the operstions Periods involving parallel Space Shuttle operations (cryo

loading at the launch pad and cryogenic safing at the Safing Area) will be in-

creased by approximately twelve people. Second, the ground crew size required

during the variable operations period of ground turnaround associated with Tug

- - :.... --A ._ Astorable propellant safing W_AA'""_ r=d_=d bj . _*-_w..-v.^_+_-.+y-_n,,_.___eoule.. The

net effect on the ground operations crew, primarily because of task sharing between

personnel, amounts to two crewmen at KSC and one crewman at WTR. This amounts to

a total program savings of approximately $700,000.00.

(_) Ground Turnaround Time

The average ground turnaround time for the Option 1 vehicle would be reduced if

the cryogenic ACPS were to be utilized, rather than the storable monopropellant

system. The turnaround time reduction will amount to thirty working hours (fifteen

for post-flight safing and fifteen for prelaunch servicing). This reduction of

approximately four shifts, reduces the n_.i _oi turn=___ound duration to t_Lirty-five

shifts (280 working hours). Reviewing the traffic model, the launch rate, and

the nominal fleet size, this reduction in turnaround does not change the required

fleet size for this Program.



(5) sumary

The total ground operations impact which would result from incorporating a cryo-

genic ACPS in the Option 1 configuration is summarized below:

Maintenance Impact

GSE Impact

Crew Impact

Total Impact

- $ 95,000

- $ 23h,900

- $ 700,000
, i

- $1,029,900

A summary of the total program cost impact to DDT&E, production and Operations

is presented on Figure I. As shown on this figure, the utilization of a cryogenic

ACPS would result in a total cost increase of $2h,000,000.

/2."-Vie
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Rendezvous and Docking

rChe results of the flight operations costs rendezvous and docking trade study

are shown in Table I. These results indicate that a 22_ increase in flight

operations DDT&E (WBS 32A) costs is associated with having a rendezvous and

docking capability. The increase in operations (WBS 32C) costs required for

have rendezvous and docking is negligible because for Option I the mission

control crew for a large percent of unused time which can be used for per-

forming rendezvous and docking tasks without an increase in cost.
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13.0 ON ORBIT SERVICING IMPACT

The on orbit servicing impact study is not applicable to option i. The reader

is referred to Vol 6, Option 2, section 13.0 for the detailed analysis.


